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These instructions supersede all prertovs iastnwtioiiB and circa- 
lars upon the subjects treated and, together with the RegubittoDs 
«lld Instructions for the Government of tlie United States Oocst 
end Geodetic Survey, are to be followed in the ezecvtloB of field 
work. 

B. Lkstea Jones, 

March 1, IftZL 
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GENERAL INSTRUCTIONS FOR THE HELD WORK OF THE 
0. S. COAST AND GEODETIC SURVEY. 



XATRirBX AVn LOSeiTirDS IKnrB&MIHATI»VfiL 

1. Initial positions. — Initial positions txom whicli to extend new 
work will ordinarHy be furnished, these positions having been 
derived from previous triaugulation or from astronomical deter- 
minations made by special parties. In the present state of the 
work in such regions as Alaska and the Philippiue Islands occa- 
sions may arise where surveys must be made in localities where 
no determined initial point is available. In such cases, in order 
not to delay other operations, it may be necessary at first to as- 
sume the latitude and longitude of a starting point, taking the 
best value obtainable from existing charts or other source of 
information. If means are available for determining by approxi- 
mate astronomic methods a position likely to be more nearly cor- 
rect, this should be done as opportunity offers. The relative 
economy of using such methods, or the standard methods, or 
depending on the assumed value until connection is made by 
triaugulation^ should be considered in each case. If the instru- 
ments are available, the meridian telescope can be used for lati- 
tude and time with little more expenditure of time than is re- 
quired to get less satisfactory results with a theodolite. When, 
liowever, a theodolite is used, the latitude should preferably be 
obtained by observing meridian altitudes of stars north and 
south of the aenith, or the altitude of Polaris; and the time by 
equal altitudes of stars, or a single altitude of a star, preferably 
one near the prime vertical. Convenient star charts are United 
States Hydrographlc Office charts Nos. 2100 and 2101. The 
illustrations in "A field book ol the stars/' by William T^^er 
Olcott, win also prove of value in the identification of stars. 

2. The standard methods used in the United States Coast and 
Geodetic Survey for determining astronomic latitude, lonfjitnde, 
and azimuth are described in Special Publication No. 14, entitled 
** The determination of time, longitude, latitude, and azimuth." 

5 
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6 GENERAL INSTRUCTIONS TOR FIELD WORK. 

TRIANGULATION. 

3. Classifieatioii of triangulation. — Triangulation in the United 
States Coast and Geodetic Survey is divided into three classes : 

4. Precise triangulation. — Triangulation which has an accuracy 
represented by an average closii^r error of a triangle of about one 
second with all stations occupied. It is to be used in extending 
arcs over long distances. The network of arcs of pi-ecise triangu- 
lation constitutes the bases from which secondary and tertiary tri- 
angulation are extended. The general instructions for precise 
triangulation^ reconnoissance, and base measurem^it are given 
in Appendix 4, Report for 1911, and in Special Publication No. 19. 

5. Secondary triangulation. — ^Triangulation which has an accu- 
racy represented by an average closing error of a triangle of be- 
tween two and three seconds. Some of the stations need ftot be 
occupied. This class of triangulation is usually employed when 
carrying the control from precise triangulation to the locality 
where topographic, hydrographic, boundary, and other surveys are 
to be made. Such distances are comparatively short, usually less 
than 100 miles. In the Philippine Islands the main scheme of tri- 
angulation is secondary in character. The general instructions 
for secondary triangulation are given below. 

6. Tertiary triangulation. — ^Triangulation of an accuracy repre- 
sented by an average closing error between three and five seconds. 
The coast triangulation of the Survey is of this character and is 
used for the immediate control of topographic and hydrographic 
surveys. At intervals along the coast the tertiary scheme is 
controlled by secondary and even precise triangulation. All 
triangulation done by United States Coast and Geodetic Survey 
parties or vessels along the harbors and rivers of the United States, 
Alaska, Philippine Islands, or other coasts under the jurisdiction 
of the United States will be tertiary in character unless special 
instructions designate another class. 

7. If it is found impracticable on account of the physical condi- 
tions or lack of time to obtain the accuracy in the triangulation 
called for by these general instructions or by special instructions, 
the chief of party will make a special report to the office calling 
attention to the discrepancies and the conditions causing them. In 
the Pliilippines such report will be made to the Director of Coast 
Surveys, 

8. The instructions which apply only to secondary triangulation 
are given in paragraphs 10 to 21. Complete instructions are given 
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ffl!CONDARY TRiANGtJIiATION. 7 

far tertiary triangolation. Some of these apply also to seamdary 
triangulation, and a reference to them Is given In paragraph 22. 

B. The instructions 16r observation of vertical angles are given 
in paragraphs 112 to 138 and are to be followed in both secondary 
and tertiary triangolation. 

SEOOKDABT TBIANGULATION. 

10. Character of figures. — The cfatiln of triangulatiori between 
base nets shall be made up of figures of from four to seven points 
each, in which certain stattons may be left tinoecuirfed, as indi- 
cated in paragraph 25. It may be allowed to degenerate to single 
triangles in exceptional cases where otherwise the cost and time 
would be excessive. There must be no overlapping of figures, ex- 
cept that in a fournsided central-potnt figure one of the diagonals of 
the figure may be observed, and no excess of observed lines beyond 
those necessary to secure a double determination of every length. 
If it is necessary to occupy other stations than those in the main 
sc^^Eue, in order to fix certain positions which are required by 
Instructions to be fixed, connect these additional occupied stations 

(which will be called supplementary stations) with the main 
scheme by the simplest figures possible in which there is a check 
and preferably by single triangles with all angles measured. 

11. Strenerth of flgures. — ^This is the same as for tertiary trian- 
gulati<»!i. (See pars* 25 to 42.) 

18. Iittngth of lines.— The lower limit of length of line is fixed by 
two considerations. On very short lines it is difficult to get obser- 
vations of the degree of accuracy necessary to close the triangles 
within the required limit. Very short lines are apt to be accompa- 
nied, thou^ not necessarily so, by poor geometric conditions as ex- 
pressed by large values of R. (See par. 25.) Past experience in 
precise triangulation indicates that observati<ms over a line 6 
kilometers long are of practically the same accuracy as over the 
longest lines, and that there is no advantage, in so far as accuracy 
in the measurement of the angles is concerned, in making the 
line much longer than this. The lower limit for secondary trian- 
gulation is probably considerably below this. Therefore endeavor. 
In la3^g out the main scheme, to use the economic length of line ; 
that is» endeavor to use in each region lines of such lengths as to 
make the total cost of reconnoissance, building, triangulation, and 
base measurement a minimum per mile of progress, subject to the 
limitations stated In these instructions. If the economic length 
of the line is very great, then supplementary or intersection sta- 
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8 GENERAL INISTRUCTION 8 FOB Fi£U> WORK. 

tions must be Introduced to meet the needs o£ those who may wteh 
to start other triangulati(H) Irom the scheme* 

13. Frequency ef ba«es.~<-Tbe reqiilDemeiits are ideatical with 
those for tertiary triangalatiea (see par. 44) exacept that the ZBi 
must be reckoned between measured haaes or one measured base 
and a line of precise triangulation. Also the discrepancy between 
bases must not exceed 1 part la 10000 Inslead of 1 part in 5000, 
which Is the requirement for tertiary triangulation. 

14. Base sites aB4 base jaetf . — FoUow tbe ditection sivftn wder 
tertiary triangulation, paragraph 45. 

16. Base measar^neats. — In the base measur^ueiits such ap^ 
paratus and methods should he used aa to insure that the constant 
error does not e;cceed 1 part in 75000 and that the accidental er- 
rors are not greater than that represented by a probable error 
of 1 part In aOOOOO in the length of the bas& No difflenlty will he 
encountered in ke«s>^ both classes of errmra for withlD these 
limits, even wh^k the base is over very rough gnmnd. If it is 
measured twice with iovar base tapes properly standardlsEed. The 
required accuracy may be obtained by maiding tiie measureoMiits 
with steel base tapes If the work is done at night or oa cloudy 
(lays and provided the tapes have been well standardized. All 
of the base tapes of this Survey are standardized at the Bureau 
of Standards. 

16. The method of measurements, form of record, an^ of eoxapu- 
tations are given in paragraphs 47 to 55. Base measuKflnents with 
tapes are described in some detail in the following pohlicathxis 
of tliis Survey : Appendixes S, Report of 1898, 3 of 1001. 4 of 1907, 
4 of 1910, and Special Puhlicatk>n No. 19. 

17. Horizontal angle moasiiTeiBeni: — Standard of aeearacyv — In 
(^electing the instrument to be used, the methods of observation, 
the signals to be used, and the conditions under which to observe, 
proceed upon the assumption that what is desired is the maximum 
speed and minimum cost consistent with the requirement that tbe 
closing error of a single triangle in the main scheme shall seldmn 
exceed 6 seconds and that the average closing error shall he be- 
tween 2 and 3 aecofids. The observations connecting supplemen- 
tary stations witli the main scheme should be of this same degree 
of accuracy. This standard of accuracy used in connection with 
other portk>ns of these instructions defining the necessary strength 
of figures, frequency of bases, and accuracy of base measure- 
ments, will, in general, insure that the probable error of any base 
line (or line of precise triangulatioB used as a base) as computed 
from an adja^at base (or line of precise triangulation used as 
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a base) is about 1 part to 35000 and tbat the a<^Bal discrf^^MUicy 
bei:;ween fiuch bases is always leas tbaa 1 part in 10 000. 

18. Seleetion ^ laftniBieatft.— Either a direction or a ^^[leating 
mstruiBent luay be used in triani^lation of tbis class. In aeieet- 
ing th» size of insatrument to be used two opposing factocs most 
be taken into account If sma^ tigbt inslriiBieata are used and 
U sun and wind shields are not usedi, then tiie weight of tt» outfit 
whi(ii it is necessary to take to a station wiil be Ui^t, and the 
cost la time and ittooey to transport the obsMrriog party and its 
outfit will not be iaise. On the other baad, ttie larger and better 
the instmment, nft to the limit of the best theedaUte avallal^e^ the 
more fully it Is preteeibed from the sun and wind and the mor^ 
stable the support provided for it the smaller will be the number 
of obserrationa necessary to seenre the required degree of 
accuracy and the shorter will be the observing period at the 
station. 

191. Obtcrtatioiit in the aiaia scheme with the direetles iastra> 
ment. — ^An 8-inch direction instrument (No. 140, for example), 
used on Its own tripod and protected from sun and wind simply 
by an umbrella, will give the required accuracy with from 5 to 10 
measures, a direct and reverse reading being considered 1 meas- 
urement This is the type of instrument recommended for sec- 
ondary triangulation. Five positions of the circle should be used, 
corresponding approximately to the following readings on the 
initial signal: No. 1, 0** 1'; No. 2, 72** 3'; No. 3, 144"* 5'; No. 4, 
216* 7' ; No. 5, 288** 9'. 

The minimum number of measurements shall be 5, 1 in each 
position, and the maximum number 10, 2 in each position, un- 
less it shall be found that under particular conditions encoimtered 
a larger number is necessary to secure the required degree of 
accuracy. The backward (additive) reading of the micrometer 
only should be taken in each position of each microscope. At 
least once a month a few special readings both backward and 
forward should be taken on various gi-aduations of the circle 
to determine the run of each micrometer and placed in tlie record 
as a test for run. If the average value of the run for either 
micrometer is found to be greater than two divisions (=4 
seconds), the micrometer should be adjusted for run. Under 
these conditions and with the specified positions of the circle the 
run will be eliminated from the results with sufficient accuracy 
by the process of taking means. For any other direction Instru- 
ment the system of positions to be used must be selected with 
I'eference to the number of measurements found to be necessary. 
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GENERAL INBTRUOnONS FOR FIELD WORK. 



With any directicm instrument when a broken series is observed 
tlie missing signals are to be observed later in connection witti 
tiie chosen initial, or with some other one, and only one, of the 
signals already observed in that series. With this system of 
observing no local adjustment Is necessary. Little time should 
be sp^it in waiting for the doubtful signal to show. If it is 
not showing within, say, 1 minute wh&i wanted, pass to the 
next. A saving of time results from observing many or all of the 
signals in each series, provided there are no long waits for signals 
to show, but not otherwise. When the elevations of the stations 
dilXer greatly, it is necessary to keep the horizontal axis of the 
instrument lev^ in order to avoid large and troidrlesome errors. 
The magnitude of these errors for various conditions Is shown 
in the A>llowing table. Of course, releveling should only be done 
between positions. (For form of record, see par. 62.) 

CarrectionB to directions for inclination of the horiaontal awii of 

the direction instrument or theodolite. 



Inclina- 
tion of the 
horieontal 
axis. 


Vertical 

angle of 

thelindof 

collimation. 


to hori- 

eontal 

direction. 


(i) 


(A> 


CitanA) 


10 
20 
30 


/ 

20 
20 
20 


0.06 
0.12 
0.17 


20 
30 


40 
40 
40 


0.12 
0.23 
0.35 


10 
20 
80 


60 

ao 

60 


0.17 

0,35 
0.52 



20. Observations in the main scheme with a repeating instru- 
ment. — ^A 10-inch Gambey repeating theodolite, used on its own 
tripod and protected from sun and wind simply by an umbrella, 
will give the required accuracy with from one to two sets of 
observations. This is the type of repeating theodolite recom- 
mended for secondary triangulation. A set of observations should 
consist of six repetitious of the angle with the telescope in the 
direct position and six repetitions of the explement of the angle 
with the telescope in the reversed position. The method used 
in making a set of observations is as follows: Set the circle 
approximately at zero and record the initial reading. Point on 
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SBOONDABY TBIANOITI^TION. 11 

tbe lett-Jumd object by means of the lower motioii and then 
imdamp the upper motion and point on the right-hand object. 
Becord the approximate reading of the circle. This completes 
the first repetition of the angle. Next loosen the lower motion 
and point again on the left-hand object, then nndamp the upper 
motion and point again on the right-hand object, and so on. A 
carefal reading of the circle must be made and recorded after 
three repetitions of the angle and again after six repetitions. 
Next reverse the telescope about the horizontal axis and by 
means of the lower motion reiwint on the right-hand object. 
Then loosen the upper motion and point on the left-hand object. 
This constitutes one repetition of the explem«it of the angle. 
After six repetitions of the explement the instrument should 
be bade very nearly to the Initial setting. The cirde should 
then be carefully read and recorded as befbre. (See sample 
record in par. 65.) Slightly change the setting of the circle at 
the completion of each set of observations and make an entirely 
independent reading fOr the initial of the next set. When two 
or more sets of observations are made on the same angle the 
Initial setting for each set should differ by an amount approxi- 
matdy equal to ISO** divided by the number of sets. For example, 
if an angle is to be measured with two sets of observations, the 
Initial settings should be about 90° apart; if with three sets, 
60** apart, etc. If some of tJie stations observed upon are much 
higher or lower than the station, occupied, it is necessary to keep 
the horizontal axis of the instrument level, in order to avoid 
large and troublesome errors. (See table above.) With any 
repeating theodolite measure only the single angles between adja- 
cent lines of the main scheme and the angle necessary to close the 
horizon. In the comparatively rare case in which the failure of 
adjacent signals to show at the same time prevents carrying out 
this program, make as near an approach to it as possible and then 
take the remaining signals in another series together with some 
one, and only one, of the signals observed in the first series, and 
measure in the new series only the single angles between adjacent 
signals and the angle necessary to close the horizon. With this 
scheme of observing, no local adjustment is necessary, except to 
distribute each horizon closure uniformly among the angles meas- 
ured in that series. If an attempt is made to use 7-inch repeating 
theodolites on triangulation of this class, it may be found nec- 
essary to make three sets of observations as defined above. (For 
a form of record of observations wjth a repeating theodolite, 
see par. 65.) 
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12 GENERAL INSTEUC?nONS FOR FIELD WORK. 

tl. ObserratioAf on isteriectioii statloni. — ^An Interaecticm sta- 
tion is one which is not occupied and whose position is determined 
by observations upon it from stations of the nudn sebemes, or 
from supplementary stations. If a directi<Mi theodcrfite is used, 
one such measurement as is outlined in paragraph 10 most be 
made on each line to each intersection station. A second such 
measurement should be made if this can be done witiiout ma- 
terially delaying the progress of the work. Each series of obser- 
vations on intersection stations with a direction instrument is to 
contain some one, and only one, line of the main scdieme <or a 
line used in fixing the position of a supplementary station). If 
a repeating theodolite is tised, the direction to each intersection 
station is to be fixed by measuring the angle between it and a line 
of the main scheme (or a line used in fixing tlie position of a 
supplementary station) by <me set of observations consisting of 
three repetltioi» upon the angle with the telescope in the direct 
position and three repetitions upon its explement with the telesec^ie 
la the reverse position. No measures introducing station coodittons 
are to be made on Intersection stations. It is important with 
either form of theodolite to have lines to each intersection stati<»i 
from at least three occupied stations in order to secure a chedi:, 
but a possible intersection station should not be neglected simply 
because only two lines to it can be secured. 

28. Paraffraphs 56 to 68 and 69 to 111 also apply to seoondary 
U-iangulatian, and ail persons engaged on that toork toUl comply 
iiAth the directions given, 

TEBTIABY TBIANGUUkTION. 

28. Character of figures. — The main scheme of the triangulation shall 
be made up of figures of from four to seven points each, in which 
certain stations may be left unoccupied as indicated under paragraph 
25, ** Strength of figures. " It may be allowed in exceptional cases to 
degenerate to single triangles with all angles observed where other- 
wise the cost and time would be excessive. On the other hand, there 
•must be no overlapping of figures, except that in a four-sided, cen- 
tral-point figure one of the diagonals of the figure may be observed, 
and no excess of observed lines beyond those necessary to secure 
a double determination of every length. Observations over lines 
which will make the main scheme any more complicated than that 
defined above would practically be wasted . The main scheme fihould 
be extended to within sight of all portions of the area to be controlled 
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qmriABT TitiAir«rLATioK; 13 

IbjF tke tRMPgslalioA. ii it i» nacOBKry to occupy oHier stations than 
those in the main scheme in order to reach by inteiBection certain 
statkms whidt most be fixed to control hydrographic or topographic 
opsrstiioBS, connect tliess additional occttpied stations (which will be 
oiled s upplem entary itatioiis) wkh the main scheme by the shnplest 
figures pJDSsible in whkh there is a check. Single triangles^ with all 
the anglfs measured will, in general,, be sufficient ior the purpose. It 
frequently happens that tertiary triangulation stops at a pku^ from 
which it is probable that it wiU be extended at some future date— as, 
for example, at the head of a bay or part way jxp a river. In soch a 
case it iil desirable to stop on a line rath«r than a point, and the last 
figore should be quadnlatecal with one point left unoccupied ra&er 
than a smgle triangle. 

94. In-the coast triangulation in the Philippine Islands the stations 
are usually located near the coast and on oi¥-l3ring^ islands or on the 
first footkills back from the coast. 

S6. Sttength ol figures. — In the main at^heme oi triai^itlatioa the 

value of the quantity JR=»(^^^2 [«^a+«;il<b+«^b] for any one 

figmre mwt notin the sidected best chain of triajpgles (call it R^) exceed 
50, nor in the second best (call it R2) exceed Ibf^ in units in the sixth 
place of to^urithms. These are extreme limits never to be exceeded, 
except when it is extremely difl!ciili under existing conditions to keep 
witi^n them. Keep the quantities Ri imd R^ down to ^e limits 25 
and 80 foe the best and second best chains, respectively, whenever the 
estimated total cost does not exceed that for 1±Le diain barely within 
the extr«ne limits by moi^ t&an 25 p&t cent. The valnes of R may be 
readily obtained by use of the ' 'Taible iot detennioiBg relative strength 
of figinee. " (See parsigraphs 26 and 27 for this table and explanation 
of formula for R.) One station in each figure may be left unoccupied 
whenever to do so does not increase the vahies of R beyond the specified 
Bndts. In a figure in which all staitions are occupied, if any inter- 
fuptioin (as, for example, the failure of a signal to show) makes it prob- 
able thai such a procedure would sa\e oonsidesable time, certain lines 
not exceedmg thtee may be observed over in one direction only. In 
such a case Ri and R2 sfaaH be computed as if one outside station of the 
figure had been left unoccupied, and the value so eomputed must not 
exceed tlie specified fimits. For no laiangle used in connecting a 
supplementary station with the main sdieme should the value of i? be 
rthan SO. 
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GENERAL INSTBir€TION8 FOR FIELD WORK. 



36. Table for determining relatlTe strength of flgnret in M- 
angulation. — 
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27. In the table above the values tabulated are fiA^+«A*B+*B*» 
The unit is one in the sixth place of logarithms. The two argu- 
ments of the table are the distance angles in degrees, the smaller 
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distance angle being given at the top of tlie table. The distance 
angles are the angles in each triangle opposite the known side and 
the side requiited. ^a and 6g are the logarithmic sine differenced 
corresponding to one second for the distance angles A and B of a 
tilangle. 

88. The square of the probable error of the logarithm of a side 

of a triangle is j- ((P) ^^^ S Sp^^h^h^-^^ ia which d is the 

probable error of an observed direction, /) is the number of direc- 
tions observed in a figure, and C is the number of conditions to 
be satisfied in the figure. (See WWght and Hayford's Adjust- 
ments of Observations, 2d ed., pp. 168 and 168.) The summation 
indicated by 2 is to be taken for the triangles used in computing 
the value of the side in question from the iside suppose to be 

absolutely known. ^ . 

J) j7 

29. In the above formula the two terms — ^— and S [S^^+Ms+fiy 

depend entirely upon the figures chosen and are independent of 
the accuracy with which the angles are measured. The product 
of these two terms is therefore a measure. of the strength of the 
figure with respect to length, in so far as the strength depends 
upon the selections of stations and of lines to be observed, over. 
The strength table is therefore to be used, in connection with th^ 

values of y. given hereafter, to decide during the progress of 

the reconnoissanee which of the two or more possible figures is 
the strongest, and to determine whether a sufflcientiy strong 
scheme has been obtained to make it Inadvisable to spend more 
time in reconnoissanee. 

30. To compare two alternative figures, either quadrilaterals or 
central point figures for example, with each other in so far as the 
strength with which the length is carried is concerned, proceed as 
follows : 

(a) For each figure take out the distance an^es, to the nearest, 
degree If possible, for the best and second best chains of triangles 
through the figure. These chains are to be selected at first by 
estimation, and the estimate is to be checked later by the results 
of comparison. 

(&) For each triangle in each chain enter the. table with the 
distance angles as the two arguments and take out the tabular 
value. 

(c) For each chain, the best and second best, through eacb 
figure, take the sum of the tabular values. 
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(d) Multiply each sum by the factor ^ for that figure. The 

quantity bo obtaiiied, namely, "^^^ ^ t^A-f*A*B-f**Bl» ^•^l ^ c^- 

venience, be called Rx and i^ for the best and second best chains, 
rwipectively. 

(e). The strength of the figure is d^ptndent mainly upon the 
strength of the best chain through it, hence the smalitr Ai, the 
greater ihm «treiigtb nft the Agivre. The second best chato oon- 
tribiiltB MNBewhat t^ the total etr^ogtbf and the other weakei* 
aod iwvgarMsiTely l^pa in^kyeodent chains contribute stiU smaller 
anoimtM. In decldiag between ^glares' they sbould be cLaaseU 
acoffdiAg t» their best chains, uotess said best e&ains are very 
iMfurly of equfil strength an4 thehp second best ehains diiSfer greatly. 

31. Some valnes of the quantity - -^ — • — • 

The starting line is supposed to be completely fixed. 
For a single triangle, -~- =0.75. 

For a completed quadrilateral, .^ =*0.60. 

For a qiMdnSaterail innth one station ob the fixed Ime unoccupied. 

For a quadrilateral with one station not on the fixed line unoccu- 
pied, -y-=0.71. 

10 "4 
For a three-sided, central point figure, —jg- —©.dO. 

For a throe^ded, central point figure with one station on the fixed 

8—2 
line unoccupied, -g- «=0.75. 

For a three-sided, central point figui itb one station not on the 

7—2 
. ftxed line imoccupted , — ^••0.7 1. 

14—5 
For a four-tidied, cen4ial poiiii dgiiitt), *-j^^fiM. 

For a four-sided, central point figure with one comer station on the 

12—3 
fixed Ifaie QBoecupied, —j^ ««Qj75. 

For a four-sided, central point figure with one comer station not on 

11—3 
tfb* fixed line unoceupiM, -^^ ^^Q.yS-. 
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fbr a fouMultd, eeatial poist figuve ^vsth the cenlial ttatkm not m 

10"— 2 
tlie fixed line unoccupied, ■ ^^ =0.80. 

Vot 9k fowMdod, cental pniiit figure witk the ceatfeal station not on 

12—4 

the fixed line unoccupied and one diagonal observed, -^^=«0.67. 

■to ^ o 

Tot a five-aided, central point figure, -g- =0.67. 
For a five^nded, icental point figure with a st^tkft on a fixed outeide 
Mne unoccupied, ^ *«0.75. 

For % five-fided, central point figure with an outside station not on 

15— 4L 
i^ fixed Hue unoccupied, -^^—0.73. 

For a fiye-fidded,, central point figure with the central station not on 

13—2 
'^te fixed liae unoccspied, -^jg-^O.^. 

22—7 
For a Bix-eided, central iwint figure, -gj— "Oliee. 

Fbr a six-sided, centml point figure with one outside station on the 

fixed liae umncnpied, ■ ^ ' ■ »fl iT6. 

For a six-sMed, central point figure with one outside station not on. 

19—5 
ibe fixed lis^ mMtecmpied^ -^•w0;74i 

For a six-sided, central point figure with the central station not on 
IB— 2 

the fcne^ line unoQc«pie4« r-nr^vpOiSfi. 
. mura-foumoded, cential pobrt Qgure with one diagonal also observed. 

For a fournsided, central i)oint figure with one diagonal also observed,. 

12—4 
with the centra] station not on the fixed lii^e unoccupied*-— rz- »0.67. 

M. BKiai9let e< vaztoes trUsfuUttles figuvet.— The following 
iwaiOA figBtea iirc gli^eni'lo timstrate some #f the principles in- 
volved In the selection of the strong figures and to llltcstrate the 
QM of tiME Stren^tti Tfllda 

33. In every figure the lAm whi^ te supposed to be fixed in 
l^DfUiw and the Mm of wMch tlie lengfik is reqtifred, are repre- 
sebtaft by hesvy. Unea BStther o^ tli^se two heavy Ihies may be 

lS02r--2i 2 ' 
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ooBsidered to be the fixed line and : the other the rehired line. 
Opposite each figure Rt and iSa, as given by the Strength Table, 
are shown. The smaller the value of Rt the greater the strength 
of the figure. R% need not be considered ia comparing two figures 
unless the two values of Ri are equal, or nearly so. 

34. Compare figs. 1, 2, and 3i Fig. 1 is a square quadrilater$Li ; 
fig. 2 is a rectangular quadrilateral, w|ilch is one-half as long in 
the direction of progress as it is wide; fig. 3 is a rectai^gular 
quadrilateral twice as long in the direction of progress as it is 
wide. The comparison of the values of i^ in figs. 1 and 2 shows 
that shortening a rectangular quadrilateral in the direction of 
progress increases its strength. A comparison of figs. 1 and 3 
shows that extending a rectangular quadrilateral in the ^direction 
of progress weakens it 

S5. Fig. 4, like fig. 2, is short in the direction of progress. Such 
short quadrilaterals are in general very strong, ey^ though badly 
distorted from the rectangular shape, but they are not economical 
as progress with tliem is slow. 

36. Fig. 5 is badly distorted from a rectangular shape, but Is 
still a moderately strong figure. The best pair of triangles for 
carrying the length through this flgnre are D B B and B 8 P. As 
a rule, one diagonal of the quadrilateral is connnon to the two 
triangles forming the best pair, and the other diagonal is conunon 
to the second best pair. In the unusual case Illustrated in fig.:{^:a 
side line of the quadrilateral is copmion to the second best S>air 
of triangles. 

37. Fig. 6 is an example of a quadrilateral so much elongated, 
and therefore so weak, that it is not allowable in. any c^aai of 
triangulation. 

38. Fig. 7 is the regular three-sided, central-point figure. It is 
extremely strong. 

39. Fig. 8 is the regular four-sided, central-point figure. It is 
very much weaker than fig. 1, the corresponding quadrilateraL 

4J), Fig. 9 is thQ. regular five-sided, central-point fifureT ^te 
that it is much weaker than any of the quadrilatemls siiewn-in 
figs. 1, 2, or 4. ' 

41. Fig. 10 is a good example of a strong^ quii^ expaiurion ftT>m 
a base. The expansi(m is in the ratio of 1 to 2. 

42. Figs. 11 an4 12 are given as a suggestion of the manner in 
which, in secondai^ and tertiary triangnlatioQ, a point (A), dif- 
ficult or impossible to occupy, may be used as a concliide<| point 
common to several figures. 
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Fio. 1. — All BtatiODft oconpied. 



Same, any one station 
not ooeapled. 







Flo. 2. — All Btations occapled. 

Same» any one station not occupied. 



Bi— 1 
Bi-1 

Bi-2 
Bi-2 




S^o. 8. — ^All vtfttiofifi occupied. Bi— 22 

B.-.22 



Same, one «tation oa 
fixed line not occupied 



fti— 2T 
Bf— 27 
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Fig. 4. — All stations occapled. Bi»-il 

Er»2 



Fio. 5. — i 



stations occupied. Bt^-10 
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UH« 6. — AU fltations occupJea." 



B^»ie4 (aH>rox.) 
R2==.176 (a 



(aj^rox.) 




PiQ. 7. — All stations oc- Bi— » 2 

cupied. Ba— 12 

tlon, on fixed line, B||«».15 
not occupied. 



^ 




'f/ 


^ 


■i / 


^ 








V 


/ N 


\ 


^5 




45N 



Fig. 8. — All stations occu- BimlS 

pied. B«— 18 

S»me, one comer Bi>ii«16 

Htatioo. not occupied. ]E^bb16 

Same, central sta- Bi>nlT 

t on not occupied. ^t^-lT 
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Fig. 9.-^^1 stations 
occBpled. 


Ri— lO 


Satte, any one 
outside station 
not occupied. 


Ri— 11 
Rs— 16 


Same, icentral 
station not oc- 
cupied. 


Ri— 13 
Rs»19 



^^^ 




y^ 


2^YN^ 


\ 


y^k 




^ 


^^S^^tf 1 "^n 




^ 


■■WP^^ItU 


26/a/f|X 


^^ 


xitA^ 






^^ 



Fig. 10. — All stations 
occupied. 



Ri«-5 
R,— >5 



1>—C_28-16 



28 



^=0.43 




Pig. H. — Unoccupied station Ri^ 8« 
not on fixed line. Rs»-102 
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Fia. 12. — Unoccupied station Rt«*- 4 
at Intersection of fixed Ri«<i20 
line and line to l>e de- 
termined. 




B'lG. 18. — All Btations occupied. 

(A strong and quick 
expansion figure.) 
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Fig, 14. — Central station not 
occupied. 



Bt— 18 
B«->24 



48. Length of lines. — The lower limit of length of line is fixed 
by two considerations. On very short lines it is difficult to get 
observations of the degree of accuracy necessary ta close the 
triangles within the required limit. They require extreme caution 
in centering and plumbing signals so that all eccentricity due to 
these causes may be avoided. Very short lines are apt to be 
accompanied, though not necessarily so, by poor geometric con- 
ditftai9 as expressed by large values of R, The extreme lo;wer 
limit fixed by these two considerations should be avald^ML 'Mk9f9 
is no advantage in so far as accuracy is concerned in using very 
long lines. Long lines are apt to introduce delays, due to signals 
not being visible. With long lines supplementary stations tc^ reach 
required points in all portions of the area covered oxe much 
more apt to be needed than with short lines. Therefore, endeavor 
in laying out the main scheme to use the economic lOBtgtii of line — 
that is, endeavor to use in each region lines of sudi lengths as to 
make the total cost of reconnoissance, signal building, triangula- 
tion, and base measurement a minimum for the area to be covered, 
subject to the limitations stated in these instructions. 

44. Frequency of bases. — If the character of the country is such 
that a base site can be found near any desired location, 2Ui 
between base lines, or between a base line and a line of precise 
or secondary triangulation used as a base, should be made about 
130. This will be found to correspond to a chain of from 10 to 85 
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triaiigles, according to the strengtH €if tbe figuces aecued. With 
stset^ f^tes^ but iew htme lince will be aeectedt and a opive8poiid« 
log wviagwiU be made on tOiifl part, of th» work. If topognqiblc 
conditions make it difficult to secure a base site at the desived 
lo«ati0ii, ZBt naj be aUdwed to approach but not exceed 200. 
Theare wili be dawer when this is done that an inteFrentng base 
wlU be necessary^ for tile reason stated in the next sentence. 
If in any eajie the di8crei>anc7 between adOaeent basea (either 
measured bases or linea of precise or secondary triaagidation 
used as bases> is lioiind to exceed one part in 9008^ an tvtervenlnr 
base must be measured or the intervening triangulatlon strengOi- 
ened. 

46b Base sites and base nets.^-nA. base may be measmred over 
rough ground and atee» slopes with steel or Invar tapes with the 
degree of accu^racy asiecifled in the following paragraph, Sosoath. 
leimi ground is a conTenience» but Bat a necessity, for base nieas^ 
uremant of this grade oC aocaracgr* There diouid be no hesitancy 
in plaeing the base' on rough ground if by so doing the geooaetric 
GOS^tioQS in thc( baae net are hnproted-^that is, yaluesr of B 
made smalls* The length of a l>ase is to be determined prlnlarily • 
by the desirability of secarlng small valnes of A in the base- net 
The langisr the base the easier it will be found to secure small 
valtKB of Rt and. the smaller the rahies of B tiie longer the cbahi 
of triaBgle& thrwigh whidbt the lengths may be carried before an- • 
other base becomes necessajpy. The base net shall oMislst of a 
figure or figure^ of the same i^aracter and subject to the sasK 
conditions a^r to strength aa the main scheme previously described* 
If the net is made xxp of two or mofe figures they may overtap* in 
space, but there should be no overlapping of figures in tlie sens^ 
of the existence of observed lines which tie together the scqnrate 
fibres*. Broken bases are permissible when fouBbd advaatageont* 

4C Basa awasiuremcats. — ^In base measurements select apparatus 
aii4 methods which insure that the constant error does not easeeed 
one part in 90 000, and that the accidental corrors are not greater 
than that r^[M»sented by a probable enor of one part in 100000, 
in the length of the base. No difficulty will be encountered la 
ke^jHbftg both <dasses of errors within these limita, even if the 
measurement is over very rough ground and steep slopes, ^ny- 
vided ttiat the vertical, meaaurements on steep slopes are made 
vi!i£h) gafficient aeeudra^, tiiat two measorements are made of each 
seetioa of the base with 50-aieter steel or invar tapes, and that 
tJm tapes have been progpeidy standardiaed. The tape should he 
used on the field under the same conditions as to tension and 
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numbier of snppoiis that obtained during the standal*dts5ation. 
After the measurement of a base or a series of bases the tape 
shOQld, if practicable, be retamed to liie office for restandardlza- 
tion. 

47. Measurements made with steel tapes in daylight, particu- 
larly in sunlight, are subject to constant errors in the determina- 
tion of the temperature by mercurial thermometers. These errors 
may exceed 3^ G. and produce a constant error in length as great 
as one part in 9D00O; therefore preference should be given to 
ovencast days when practicable, or to measures at night 

48« Bases will in gaieral be measured by steel or invar tapes 
suspended from stakes. The tape lengths may be marked on the 
t(^9S of the stakes by marks on copper lE^rips or sslnc plates; a 
50-meter tape should be supported at 25-meter or 12.5-meter inter- 
vals, the support (conveniently a nail in the side of a stake) being 
in line vertically and horizontally between the end supports. The 
smniler interv^ should be used whenever the wind is troublesome. 
The base tapes are usually standardized while being supported at 
each of these intervals. When the topography is such as to re- 
quire high end supports, the Intermediate support may be placed 
above (never below) the grade of the end supports and each half 
of the tape corrected for grade. Two thermometers should be 
used, fastened to the tape toward either end. The tape should be 
carried clear of the ground. Two measurements of a base should 
usually suffice. Set backs and set forwards may be made with a 
quarter-meter scale and dividers, and where the lengths run off 
the stakes, with a pocket tape having proper subdivisions. A ten- 
sion of 15 kilograms should be applied* with a spring balance 
attached to the forward end of the tape. It Is preferable to use 
a complete tape-stretching outfit, as described and shown in illus- 
trations in Appendix 4, Report for 19101, but a simple staff may be 
used at each end of the tape. Strips of signal muslin are satis- 
factory in fastening the tape to the staffs. The use of hard twine 
or rope for that purpose tends to twist the tape. 

49. The spring balance u^d in the base measurement should be 
verified before and after the measurement by comparison with a 
spare or standard spring balance, or with a standard testing 
weight furnished for that purpose. 

60. The base measurements may be recorded in "Horizontal 
angle " record books by changing the headings or in the ♦* Traverse 
measurements" record book (Form 590). A duplicate of the 
base measurement record should be made on computing paper, 
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and attached to the List of Directions. Each record of base meas- 
arement should be preceded by a descrit>t1on of the measiirement 
showing what tapes were nsed, their lengths^ coefRelents of ex* 
pansion» method of support, number of supports, the tension ap- 
plied, how the thermometers were used, and all information neces- 
sary to a dear understanding of the measurement. 

51. Form for record of base measurement. — 



From 
stake No. 


Tostakd 
No. 


Thermometers. 


Set 


Bet 
forwards. 


2183. 


21S4. 


NE.lMM 

176 
176 


176 
176 
174 


• C, 
6.0 

4.7 
4.9 


- C. ' yfeters. 
4.9 
6.0 
5.3 


Meters. 
0.0121 



REMA&KS. 

Time of beginning: 9h. 5m. p. m. 

Began at NE. base station mark. 

Baclcward measure. 

Fifteen kilograms tension applied with spring balance No. 170. 

Tape No. 403 on three supports. 

Balance tested and found correct. 

Wind, moderate, NW., at right angles to base. 

Under the column of remarks give also the names of the persons 
recording and making the forward and rear contacts. 

53. Example of computation of length of base. — Standardization 
formula for tape No. 403, supported at ends and in middle, with a 
tension of 15 Idlograms: 

0to50m.=50m.+8.32 mm.-f0.568 mm. (^-14^.56 0.) 
± .039 mm. ± .003 mm. 

Twenty tape lengths; mean corrected temperature 15^'. 58 C. 

Meters. 

20 (50 m.-f8.32mm.)=20 (50.00832)= 1000.1664 

Temperature correction: 20 (15.58-14.56) (0.568 mm.)=. . -|- . 0116 

Set forwards, sum -f- .0133 

Setbacks, sum - .0060 

Inclination corrections (see table, par. 55) sum - . 2283 

Length of base 999. 9570 



o To be entered on righ^hand page. 
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68* la caee thfrstendaid length is gi¥«a for a tape supported throui^- 
out its length, the oateBaiyeoneetion C.]stobea]q;>l]ed toeachqwn 

of tape, as foilevs: 

<.._.(^)V 

Where Tr= weight in grams per meter of tape (21.6 grams for steel 
tape in use, 25 to 27 grams for invar tapes). 

^»horizontal tension in giams»15000 grams in general. 

?=length of span in meters. 

54. The following puhlications of this Survey deal with tape meas- 
urements: Appendix 7, Report for 1893; Appendix 3, Report for 1901; 
Appendix 4, Report for 1907; Appendix 4, Report for 1910; Special 
Publicatians Nos. 19 and 58. 

55. Znclination correction t ables lor 86-metet tape lengtiui. — Correc- 
tion for inclinations*— (Z—VP— A*) where I is inclined distance and 
h is difference of height. For 2=25 meters and h in feet, the correc- 
tion for inclination—-. 00186 A»-. 000000069 A*- The sec- 
ond term may be neglected for differences of height of 5 feet or less. 

For 60-meter spans take one-half the collection given, to, Hie table. 
For instance, for a span of 50 meters and a differeojce in elevatioa of 
the two ends of the span of 2 feet (0.6096 meter), the ceicectioa is 
0.0037 ] 
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66. Signals.— Various types of signals are used. A very satis- 
factory one is a single pole held in a vertical position by wire 
guys, with the foot of the pole resting on a low bench. The bench 
may. be made of two stakes driv^i into the ground on either side 
of the station mark, with a piece of scantling placed across and 
nailed to them. A hole is bored into the crosspiece directly over 
the station mark. The foot of the pole should have a spike placed 
in its center, pi»pjecting about an inch, and this spike should be 
placed in the liole in the crosspiece of the bench when the pole is 
erected. There should be four wires to each set. of guys, the num- 
ber of sets depending ui)on the length of the pole. The pole is easily 
lowered when the station is occupied by loosening the guy or guys 
on only one side and letting the pole fall over. The guys on the 
other three sides are not disturbed from their anchors. To re- 
place the pole it is only necessary to stand it up on the bench and 
fasten the loosened guy to its anchor. The centering of the pole, 
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or that part upon which observations are made, should be tested. 
It will usually be found that the centering has not been disturbed 
by replacing the pole. Single poles with wire guys are not satis- 
factory wh^i placed in a pasture where there are cattle, a^ their 
rubbing against tiie pole and wires will throw the former out of 
plumb. The part ol the c«iter pole of a signal observed upon 
should be accurately centered over the station mark, or if eccen- 
tric, the eccentric distance and angle should be measured and re- 
corded. Uncorrected eccentricity of slgiuil is the most frequent 
source of error in triangulation. If it becomes necessary to ele- 
vate the instrument more than a few feet, a double structure, like 
that described in Appendix 4, Report for 1908, should be used. 
That description gives bills of lumber, plans, MC* 

57. Signal lanpt. — The use of acetylene signal lamps, fOr long 
line& or even tot lines of ck&ly moderate length, is recommended, 
if the atmospheric conditions are not favorable f(»r observations on 
poles or targets. Illustratiohs in Bpecial PublicatioQ No. 11 show 
the large and small lamps which are issued to field parties by 
the office. The large lamp Is shown also in Special Publicatiotis 
Nos. 14 and Id. Large electric signal lamps nmy be used where 
conditions are especially unfavorable. * 

58. Instmoitlons to ligh^teepert are given in detail in Special 
Publication No. 65. I'herci are also given the code signals used 
fcetween the observer and lig^tkeeper in precise triangulation 
and the continental Morse alphabet 

' 59. Horisontal aag^e obBervations-~>Stah4ard of accuracy. — In se- 
lecting the Inistrutaent td be used, the methods of observation, the 
number of observations, the signals to be used, and the condi- 
tions under which to observe, proceed upon the assumption that 
what is desired Is the maximum speed and minimum cost con- 
sistent with the requirement that the closing error of a single 
triangle in th6 main scheme shall seldom exceed 10 seconds, and 
that the average closing erro» shall be between 8 and 5 seconds. 
The bbseTviitionsr connecting supplementary stations with tlie 
main schem^^ should 1)6 of this same degree of accuracy. This 
standard of accuracy, used in connecittoli with other portions of 
these instructions defltiing the necessary strength of figures, fre- 
quency of bases, and accuracy of base measurements, ^will in 
general insure thfit the probable error of any base line (or line 
of precise or ifeiecondnry triangulation used as a base), as com- 
puted from ati adjacent base (or tHangulatlon line used as a 
base). Is about 1 part in 20000, and' that the actual discrepancy 
between snoh bases is ahVa j^f^; less t*hah 1 pni-t In 5000, 
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60. Seleotion of instriuiieiit. — ^Either a direction or a repeating 
itistmment may be used in triangulation of this class. In seleet- 
ing the size of an instmment to be used, two opposing factors 
must be taken into account If smaU, li^^t instruments are used, 
and if sun and wind shields are not used, then the weight of the 
outfit which it is necessary- to take to a station will be light, 
and the coat in time and money to transport the observing party 
and its outfit will not be large. On the other hand, the larger 
and better the instrument, the more fully it is protected from the 
sun and wind, and the more stable the support provided for it, 
the smaller will be the number of observations necessary to 
secure the required degree of accuracy and the shorter will be 
the observing period at the station. 

61. Observations in the main scheme wtth a direotion instru- 
ment. — ^An ^inch direetion instrument (No. 140, for example) 
used on its tripod and protected from sun and wind simply by an 
umbrella will usually give the required accuracy with two measure- 
ments, a dijrect and reverse reading being considered one measure- 
ment. Any two positions of the circle may be used with this 
instrument for which the settings on the initial signal differ by 
approximately 90** 05'. The backward (additive) reading of the 
micrometer only should be taken in each position of each micro- 
scope. At least once a month, as a test fbr run, a few special 
readings both backward and forward should be taken on various 
graduations of the circle to determine the run of each micrometer 
and placed in the record. If the aveinige value of the ran for 
either micrometer is found to be greater than two divisions (four 
seconds), tlie micrometer should be adjusted for run. Under these 
conditions and with the specified positions of tlie circle the run 
will be eliminated from the results with sufficient accuracy by 
the process of taking means. For any other direction instrument 
the system of positions to be used may be selected with reference 
to the number of measurements found to be necessary. With 
Any direction instrument when a broken series is observed the 
missing signals are to be observed later in connection with the 
chosen initial or with some other one, and only one, of the signals 
already observed in that series. With this system of observing 
iK> k)cal adjustment is necessary. Little time should be spent in 
waiting for a doubtful signal to show. If it is not showing 
within, say, one minute when wanted, pass to the next A saving 
of time results from observing many or all of the signals in each 
series, provided there are no long waits for signals to show, but 
not otherwise. When the elevations of the stations differ greatly 
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it is oeeeflMHiry to keep tbe botricontfU axis of the instrument level 
in order U> avoid larse and troablesome errors. Tlie magnitude 
of these errors for various conditions is shown in tbe tahle in 
paragraph 19. Any releveling should,* of course, be done between 
positions. 
Example of record is given below. 



68. Horizontal directions.- 



Btation: Qtinton. 
Observer: . 



Date: April 17, 1902. 

Instrunieiit: 8-izich thBodoUte No. 140. 
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1 Eeeh division of the micrometer corresponds to T' of are, and therefore the "mean '' 
for this instnunent is the sum of the two readings. 
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63. Observfttions in the main sebeme with a ttptMat liistru- 
ment.— A 74nch Berger repeating . th^odollt^ used oa its own 
tripod and protected from sun and wind by an umbrella will give 
the required accuracy with from one to two sets of ol>servations 
on each angle, each set of observations consisting of six repeti- 
tions on the angle, with the telescope in the direct po«*tion, and 
six repetitions on the explement of the angle, with the telescope 
in the reversed position. This is the tj^pe of repeating theodo- 
lite recommended for tertiary triangulation in any region in which 
the convenience of transportation of the instrument is an im- 
portant consideration. When the elevations of t^ie stations differ 
greatly it is necessary to Iceep the horizontal axis of the instru- 
ment level in order to avoid large and troublesome error& ( See 
table in paragraph 19.) Releveling may be done between sets 
or between the separate angle measures of a set; that is, when 
the lower clamp is loose. With any repeating theodolite, meas- 
ure only the single angles between adjacent lines of the main 
scheme and the angle necessary to close the horiz<Hi. In the 
comparatively rare case in which the failure of adjacent signals 
to show at the same time prevents carrying out this program, make 
as near an approach to it as possible and then take the remaining 
signals in another series together with some one, and only one,, of 
the signals observed in the first series, and measure In the new 
series only the single angles between adjacent signals and the angle 
necessary to close the horizon. With this scheme of observing no 
local adjustment is necessary, except to distribute each horizon 
closure uniformly among the angles measured in that series. If 
the region is one in which there is no great inconvenience in 
transporting a heavier instrument, and a 10-inch Gaml)ey repeat- 
ing theodolite or an equivalent insti-ument is used on triangula- 
tion of this class, it will probably be found that one set of ob- 
servations consisting of three repetitions on the angle and three 
on its explement, will be suflScient to secure the required accuracy. 

64. An example of a record is given below. Prom this the re- 
sulting directions should be written in the "List of directions" 
(Form 24A) without any. other abstract. It will be noticed in 
the sample below that, in addition to the usual practice of reading 
one repetition on the first measurement of eaqh angle, there is a 
reading for three repetitions in each case. The latter gives a 
value of the angle correct to within 10 seconds, which will check 
the reading of the minutes for the six repetitions. The reading 
of one repetition on one vernier does not give -a sufficiently accu- 
rate check. Fse the reading on three repetitions as a check only. 
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•6. Horisoaial mi^cil — 



Station : Dab. 
Island : Luion. 
Observer : 



Date: February T. 1006. 

InstrumeBt : B. &. k 7-ind».tlUMkMite Nob 184. 
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10 


ao 


16 


10 


41,7 


42.6-a8*-41.7 


Bol-FM 







1 
3 


000 
163 15 
129 15 


20 
10 
80 


30 

30 


25 












D 


6 


258 30 


40 


40 


40 


16 


163 15 02.5 








R 


6 


000 


20 


30 


25 


15 


02.5 
360 00 


02.5-0.8-01.7 




03.8 00.0 



66. Obsenrations on intersectioa statioiis. — ^An intersection sta- 
tion is one which is not occupied and of which the position is de- 
termined by observations upon it from stations of the main scheme, 
or from siH)plementary stations. The direction method of obser- 
vation should be used in observations upon intersection stations 
evei^ if the theodolite is a repeater. Eac^ series of observalions 
on intersection stations should contain some one line,, fuid only 
one, of the main, s^'henie (or a Uue used in fixing ..the position Of 
u supplementary station). Such a series of observations should 
commence with the selected line of the main scliepie, with the tela- 
.scoi>e In tlie ^iveQi posltiM2i, and with the circle reading approxi- 
mately ^ero^ The intersection stations should then be observed 
in order of azlmutii and the JQurst half of the series closed with a 
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reading on the line of the main scheme. The teleseope should then 
he reversed and the same process repeated in the reverse order, 
beginning and ending as before with the selected line of the main 
scheme. A second set of observations should be made on each 
intersection station (with the circle shifted in position, say, 100°) 
if this can be done without materially delaying the party. It is 
important to observe at least three lines to each Intersection sta- 
tion in order to secure a check, but a possible intersection station 
should be observed upcm even if only two lines to it can be secured. 

67. Example of record Is given below. From this the resulting 
directions should be written in the "List of directions" (Form 
24A) without other abstract 

0S. Horisostal anglei — 



Statkn: Rat. 
Island: Negros. 
Oliserven 



Date: January 10, 1902. 

Instrument: linm theodolite No. 157. 



Objects observed. 



Time. 



Tel. 

D.or 

R. 



Angle. 



A. B. 



Mean 
of 
ver- 
niers. 



Oor- 
reo- 

tiOQ. 



Diroction. 



Re- 
marks. 



Tree 

Bell tower, Olon 

OU 

Frog 

L.tang.Padang Id 

Peak 17 

Tree 



a. m. 
9.60 



ia32 



00 
180 00 



21 18 
201 18 



176 13 



209 59 
29 59 



232 18 
52 18 



211 11 
61 10 



859 59 
179 59 



00 50 

10 00 

30 20 

40 30 

10 30 



50 40 
60 50 



00 40 
60 40 



50 40 
60 50 



+ 5 

+10 
+ 5 

+ 5 






00 


00 


21 


18 


35 


176 


13 


30 


209 


59 


55 


232 


18 




241 


10 


53 





00 


00 



60. Eeeentric stations and signals. — ^Whenever a station is not 
occupied centrally the distance and direction between the eccentric 
station and tibe center of th^ station must be carefully measured. 
A Sketch, showing the relation between the two stations and also 
to one line of the main scheme of the triangulation, must be en- 
tered in the record book and also on the list of directions form 
for the station. If the station is a lighthouse, the eccentric dis- 
tance can be obtained by measuring the circumference of the tower 
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from wliidi the radius can be compated. 13m length of the 
radius added to the dicrtamse between tbe eecfntric statioBi and 
the nearest point of the tower gives the eeeentrie distance sooi^t. 
The direetioB to the center may be obtained hf obsenrini^ vffioa 
each side of the tower and altering the results in the nsoord as 
left and right tangents. The mean of these two directions is the 
dkection to the oeoter. The eeeentrie angle sbonld, if practicahle» 
foe measured from the station used as the initial in the regidar 
ohservations. 

70. If the part of a signal upon which observations have been 
made is eccentric, the eccentric distanee and direetion must be 
measared and astered In the record and on the list of directions. 
The eccentric distanee for a signal is nsaaUy small, and it is 

sofil^ent to slate that tbe pole is off csnter meters on Une 

and in the direetion to station, a station of the main 

scheme or an iirtersection station. If the ecoentrie station is not 
in a hiie bctwe^i the center and sMne other station, the eeeentrie 

distance can be given, and then it should be added that It is 

motors to the murth ef tiie line to station^ In any event 

the eoeentric disiiattee and direction must be measured with the 
greatest caie^ Making the measnrema:its twice will nearly always 
insure against mistakies. 

7Ii Mservatlems on large objeeli. — ^When 'Sighting on a gas tank, 
standpipe^ lar^ chimney, or other object which has a large diam- 
eter, it Is €<teir best to observe on the two sides, right and left, 
and ttiter the •ofaaervatikms in the record beok as left and ri^t 
taageots to the object. The mean of the two observations will 
give the direction to the center of the structure and shouUi be 
used in the oamputatiefeis of the trianghHk 

7S. ObmrvaElloBi on l»defialte and tenporary objeets. — Observa- 
tions may sometimes be made upon indefinite objects, as, for 
example, mounti^ or hill tops which are comparatively flat or 
wooded, or upon points which are temporary in nature and not 
marked upon the ground, such as flags in trees, etc., which are 
to be used as hydrograi)hic and topographic signals. The direc- 
tion metdKMl of observation shall be used in all such cases, even if 
the instrument is a repeater. One series of observations, such as 
is descrtived in pacagrapii 66, is all that is. necessary in such 
cases. The two pcHntlngs, one direct and the other reversed, are 
needed to cheek the degrees and minutes of the direction. The 
indefinite ohjeets may be observed in the same series with other 
intersection stsitions^ Btixh pointing upon an indefinite object 
should be clearly marked "indefinite/* and all topographic and 



Digitized by VjOOQIC 



42 GENERAL INSTRITOnONS K>R FIKLD WORK. 

hydrographic points not pennanetitiy marked upon tlie groand 
i&hould be marked in the record with a circle and a dot. For 
observations of these two classes a graphic treatment wtll fre- 
Qnently be all that t« desired, and hence the necesiEdty of dis- 
tinguishing th«n fridm other points for whidi a coBq>lete oooi- 
putation must be mhde. In selecting indefinite points to be ob- 
served it should be borne in n^»i that an approxtmate dotermi' 
nation of the position of a prominent moimtain or liiU too. far 
inland to be included in the fringe of topography along tlie 
coast, or «n island fttr out fi*om the coast, is freciueoCfy of a>n- 
siderable gec^mphic value.' 

73. Indefinite or otlier unoccupied stations wbi^ have been ob- 
served apon from twd or more stations must have tlielr identity 
established in the record either by means, of ^etck^s, esttmated 
distances, or descriptive fiotes, so that they may' be plottBd or 
computed without probability of confusion. An object appearing 

. in more than one list of directions most bear the saiae name or 
designation in each. Any charactericttie features of Mlis, moun- 
tains, church spires, or otlier objects whl<* would rendier them 
good landmarks must be clearly noted, as such notes are valu> 
able in chart construction and in hydrographic 'tvorkx .Theloea- 
tion of prominent .objects and the determination^ of* elevations 
of mountains are to be considered important * parts -of the work 
essential to tlie coixqiieteness of the survey* This wol*k is.to be 
done even when the objects and mountains are beyond the limits 
of the area to be suTveyed. In the case of < imperfectly, known 
i-eglons tangents should be taken to points and islands outride 
of the region to b« surveyed. 

74. Value of intersection statl(m9;-«^In selecting in^rsectioin sta- 
tions it should be kept in mind that tito geogra^iic^vHliife of a 
triangulaticm depends upon the number of points determined, the 
size of the area over which tliey are distributed, and the per- 
manence with which they are marked. The geographic value of 
a tiiangulation is lost for a given area when stations can not be 
recovered within that area. The chance of permanency is made 
greater by increasing the number of stations as well as by 
thorough marking. For the reasons stated th^e should be deter< 
mined as intersection irtatlons many artificial objects <tf a per- 
manent character sui3h as lighthouses, chnrci^ spires^ cupoias, 
towers, chimneys, and standpipes. Make the desiiripition' definite 
whenever practicable. Instead of descnblng the object as " ch^urch 
spire" with the name of the town, make its identity certain by 
giving street location or denomination of church.. There should 
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also be det<^rmined weil-defiaed uatural objects, such as sharp 
mountain peaks, waterfalls which show from tiie sea, amd i^n- 
nacle rocks along the coast. Occasionally intermediate staticns 
should be established, i^eniianently marked, and determined by 
intersections for the special use of topographic and hydrographie 
parties. 

75. Beport on aids to navigation. — ^At the ^id of each season the 
chief of party will make a list of the objects whose positimis 
have been determined by triangulaticm and which may serve as 
aids to navigation. For purposes of identification each object 
will be described as to its size, shape, color, and its r^ative 
prominence as i^een from the water. This list and a description 
of each object must be sent to the office with a transmitting let^^ 
ter for the files of the chart Construction division. (See also 
paragraphs 78 and 196.) 

76. Harking stations. — ^Every station, whether it Is in the main 
scheme or is a supplementary or intersection station, which is not 
in itself a permanent mark, as are lighthouses, church cqaires, 
cupcdas, towers, large chimneys, slmip peaks, etc., shall be 
marked in a permanent manner, except where the station is on 
a shifting sand dune. 

77. At every station a standard metal triangulation mark should, 
if practicable, be set in rock or concrete^ Where digging is feasi- 
ble, tliere should be an underground mark which is separate from 
the surface mark. The use of a standard station mark in the 
underground mark is desirable. The station mark, if on bed- 
rock, should be surrounded by a triangle or circle cat in the rock, 
which will make it possible to recover the station approximately 
if the metal (^k ediould be removed through cupidity* Wooden 
stakes will be acc^table as marks <mly where the station is on 
shifting sand dunes, where a concrete or stone mark could not 
remain undisturbed. 

78. When the triangulation is on a narrow river or other b€>dy 
of water where it is difficult to identify topo^aphic features, it 
is advisable to stamp numbers, by means of dies, on the metal 
disk station marks. The numbering of the stations in any one 
region need have no relation to the numbering of stations in 
other places. The number placed on the mark should be entered 
in the description of the station, but in no case sliould a station 
be designated by number only. £]acli station should be given a 
name to facilitate the filing and Indexing of its position and de- 
scription in the office records. It is desirable to stamp the year 
in which the station is established on all metal disks. 
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79. See paragraph 88 un^r tbe tueafliiig " StanOard notes tor 
use in descriptions of station&" 

80. Aeferenoe marks. — ^Two pernmneut reference marks and sev- 
eral witness marks ^oold be established at each marked station. 
These marks should be referred to the station by theodolite angles 
and tape distances. The object of -the reference marks is to 
serve in place of the sl^tion mark, if the latter should be de- 
stroyed, and also to serve as an aid in the recovery of the statkx:i 
mark. The reference marks should, therefore, be placed in secare 
positions, if practicable, and the directions and horisontftl (jaot 
inclined) distances from the station to them should be measured 
with great care. If the station is on a shore which is liable to 
erosion, the reference marks should be placed same distance, say 
more than 20 meters, Inland. If the station i» in a field, the 
reference marks should be placed in a fenee line, on the edge of 
a road, or in some <^er place where they are not likely to be 
disturbed. In eoch reflerence block of concisete or rock should be 
placed a standard metal reference mark whtc^ is similar to the 
station mark, except that it has an arrow in its center instead of 
a triangle, and contains the words '^ reference mark " instead of 
" triangulatlon station." 

81. Where the shorn and the area back of it are manAiy, the 
station and reference marks may be made as follows: Drive a 
piece of scantling (preferably one 4 inches square) into the 
marsh and let its top project about 12 inches. Set over tMs 
projecting end a drain tile, the bottom of wliich is made to 
extend about 6 inches below the surface of the man^l Surround 
the bottom of the tile and fill it witli concrete, and set one of 
the standard marks in the top of the tile. As the wood is pro- 
tected from the air it is believed that it will last many yearsk 
The fact that the mark projects from 1 to 2 feet will 4ild in its 
recovery. 

82. Witness maxics. — These are used primarily to rebover fhe 
general locality of a station and also to find the station mark, 
whether surface or underground. They n»ay, therefore, be indefi- 
nite, such as the mouth of a creek, a fence corner, corner of a 
bam or other building, triangles cut Into the bark of trees, mounds 
of earth, etc. In general, the distances from the station, as 
measured over the surface of the ground, are sufficient In the 
descriptions rather than the horizontal distance. The distances 
and directions need be only moderately accurate, but they should 
be free from gross errors. The objects used as witness marks 
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should be as widely separated as practicable to Insure greater 
permanency of at least part of them. When close together thv 
same cause may destroy all of them. On prairie or other uncul- 
tivated land where there are no objects available for witness 
nmrks one or more such marks should be constructed. A very 
Ipermanent and satisfactory mark is a mound formed by digging 
a circular trench, say 10 feet in diameter, and throwing the dirt 
from the trench to the center of the circle formed by it. The 
ti'ench and mound will probably soon become sodded over and 
will be easily found until the land is plowed (possibly even after 
that time). Blazed trees are frequently used as witness marks. 
These are to be considered as only temporary marks. A good 
witness mark is a standard metal reference mark set firmly Into 
a hole bored into a tree at the center cf a triangular blaze. When 
the station is in woods it is advisable to have a witness mark on 
the road which runs nearest to the station, and preferably the 
mark should be at the point on the road from which the path or 
trail leads to the station. It is also desirable to have a witfless 
mark established in a conspicuous place on the seashore in certain 
cases opposite triangulation stations which would otherwise be 
difficult to recover. The witness mark should, if practicable, be 
a concrete mark with the standard reference mark set into its 
top. The arrow tAould point in the general direction of the 
station. The description should give the approximate bearing 
and distance between the witness mark and the station. See 
paragraph 88 under the heading " Standard notes for use in de- 
scriptions of stations.** 

83. If a recovered station is marked badly or in any other man- 
ner than with a standard metal mark, the re-marking should 
provide one of these marks which can be set into a block of con- 
crete or solid rock. Where it seems inadvisable to disturb the 
old center mar* a standard reference mark should be established 
near the old mark. The distance between the two marks need 
be only a few feet. With a standard reference mark near by, 
the station can be more easily recovered and it is less likely to 
be wantonly destroyed. 

84. Ke-marking stations of the Engineer Corps, U. S. Army. — 
Wherever a station, only temporarily marked, of the Engineer 
Corps is connected with, it should be re-marked in a permanent 
manner. An especially inscribed disk mark for engineers' sta- 
tions, which is furnished by the office, should be set into the 
concrete or stone used to mark the station, and reference and 
witness marks should be established. (See pars. 81 to 82.) 



Digitized by VjOOQIC 



46 GENERAL INSTRUCTIONS TOR FIEU) WORK. 

85. Desoriptiont of old stations. — If the existing description of 
an old station is not exact as to the present topography around the 
station or as to the niarking, a new description should be prepai'ed 
and made complete in itself. The new descriptions of the old sta- 
tions should be made on Form 526, called recovery note^^triangula- 
tion station (see sample on p. 51 )» and should be written with 
a typewriter if possible. One of these recovery notes should be 
filled out for every station visited whether the station was re- 
covered or not. Do not r^)ort a station as lost unless a very 
thorough search has been mada In case the station marls found 
differs from the mark given in the description furnished by this 
office, full details should be stated in the recovery note. 

86. Description of stations. — Descriptions shall be furnished of 
all marked stations. For each, station which is in itself a mark, 
as are lighthouses, church spires, cupolas, towers, large chimneys, 
objects valuable for future hydrographlc signals, sharp peaks, etc., 
either a description must be furnished or the records, list of direc- 
tions, and lists of positions must be made to show clearly in con- 
nection with eacli point by special words or phrases, if necessary, 
the exact point of tlie structure or object to which the horizontal 
and vertical measures x'efer* Every land. section corner connected 
with the triangulation must be fully described. The purpose of 
tlie description is to enable one who is unfamiliar with the locality 
to find the exact point determined as the station, and to know posi- 
tively that he has found it. Nothing should be put into the de- 
scription that does not serve this puipose. A sJ^etdi is not neces- 
sary, for the description can express in words the essential facts 
which would be shown on the sketch. There is no objection to a 
sketch being made, but the written description must be complete 
without it 

87. Only one copy of the descriptions of stations need be sent to 
the office but these descriptions must be on form 525 (see sample 
description on p. 50) and should be written on the typewriter if 
possible. The essential inijormation which ^should be contained in 
a description is as follows: , 

Locality (general and particular). 

How mark^l. 

Dietances (by ta{^) and dir^tmi^ {by tX^eo^QUt^) frcun, center 
of station to reference and witaijei^ marks; and, if necessary for. 
the recovery of the station, 4irecti<ms or magnetic hearings to 
prominent objects in the vicinity, tangents to points, islands, etc. 
In any set of directions to prominent objects and to refierence and 
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witness marks, a main sclieme or intersection station should be 
used as the initiaL 

Notiis describing the marks which are given in paragraphs 92 to 
95 may be referred to by number, thus lessening the amount of 
work necessary in writing the descriptions. Wherever an excep- 
tional mode of marking is used, the marks must be described in 
fulL The notes in paragraphs 92 to 95 cover the various methods 
of marking now in general use by parties. of this Survey. 

The height above the station mark of tiie top of tlie signal pole, 
and of any other part of the signal likely to be used in observing 
vertical angles, should be measured in meters and centimeters and 
so stated in the " Description of stations." 

88. Standard notes for use in descriptions of stations. — ^The fol- 
lowing notes on the marking of stations are made as general as 
possible in order tliat it may not be necessary in the field to de- 
scribe small and unimportant variations. For instance, no dimeu< 
sions are given for the different concrete blocks and bowlders, but 
it is understood that they will have a volume of at least 1 or 2 
cubic feet as a general rule. Although it is not stated in the notes, 
the surface and reference marks should project a little above the 
ground, say from 1 to 6 inches. In the notes regarding the under- 
ground marks the distance of the mark l>elow the surface of the 
ground is stated as 3 feet. This prpbi^bly represents closely the 
average, value* Unless tjie vaxlation from this value exceeds 6 
inches it need not be stated in the description. Whenever a type 
of marking is used which is not covered by these notes, the marks 
used should be described in the record. 

88. The standard triaogulation disk station mark referred to in 
the following, notes consists of a disk and shank made of brass 
and cast in one pie(%. Th^e disk is 90 millimeters, in diameter, 
with a small hole at the center surrounded by a 20-millimeter 
equilateral triangle, and has the following inscription: "U- S. 
Coast and .Geodetic Survey triangulatton station, For informa- 
tion write to Superintendent, Washington, D. O. $250 fine or im- 
prisonment for disturbing this mark." On marks established after 
the year 1920 the word Director will supersede the word Super- 
intendent The shank is. 25 millimeters In diameter and 80 milli- 
meters long, with a slit ^t the lower end into which a wedgo is in- 
serted, so tliat when it is driven into a drill hole in the rock it 
will bulge at the bottom and hold the mark securely in place. ( See 
par. 91.) 

90. The authority for the warning concerning punishment for 
disturbing the mark is contained in an act of Congress, approved 
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March 4, 1900, entitled **An act to codify, revise, and amend the 
penal laws of the United States," and reads as follows: "Who- 
ever * ♦ ♦ shall willfully deface, change, or remove any 
monument or bench mark of any Gk>vemment survey shall be fined 
not more than ^50, or imprisoned not more than six months, or 
both." 35 Statute 1088, section 57. Many States have also en- 
acted additional laws, among th^n being California, Ocmnecticut, 
Georgia, Illinois, Indiana, Maine, Maryland, Massachusetts. Min- 
nesota, Michigan, Missouri, Miflsissippi, New HampBhlre, New Jer- 
sey, Ohio, Oregon, South Carolina, Tennessee, Vermont, Virginia, 
and West Virginia. 

91, The standard disk reference mark referred to in the follow- 
ing notes is similar to the standard disk triangulatlon-station 
mark described above, except that the c^ter of the disk is in- 
scribed with an arrow instead of with tlie triangle and that the 
words "reference mark" replace the words ** triangulation station** 
in the inscription. A short perpendicular groove across the shank 
of the arrow indicates the point to which the measurements are 
made. The mark is set so that the arrow points toward the sta- 
tion. Botli station and reference marks should have stamped 
uiK>n the top, by means of steel dies, the name of the station and 
the year of its original location. 

92. Surface- station marks. — 

Note Jf. — ^A standard disk station mark set in the top of (o) a 
square block or post of concrete, (b) a concrete cylinder, (c) an 
irregular mass of concrete. 

Note 2, — ^A standard disk station mark wedged in a drill hole in 
outcropping bedrock {a) and surrounded by a triangle chiseled 
in the rock, (&> and surrounded by a circle chiseled in the rock, 
(c) at the intersection of two lines chiseled in the rock. 

Note S, — ^A standard disk station mark set in conet«te in a de- 
pression in outcropping bedrock. 

Note 4. — ^A standard disk station mark wedged in a drill hole in 
a bowlder. 

Note 5. — A standard disk station mark set In concrete in a de- 
pression in a bowlder. 

Note 6. — ^A standard disk station mark set in concrete at the 
center of the top of a tlie (ft) which Is embedded in the ground, 
(&) which is surrounded by a mass of concrete, (o) which is 
fastened by means of concrete to the upper end of a long wooden 
pile driven into the marsh, (d) which is set in a block of concrete 
and projects from 12 to 20 Inches above the block. 
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Fio. 15. — Standard station and reference marks used in marking triangulation 

stations. . . 
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98. TrndergTOund-gtatioii marks. — 

Note 7.— A block of concrete 3 feet below the ground contalningr 
at the center of Its tipper surface (a) a standard disk station 
mark, (&) a copper bolt projecting slightly above the concrete, 
(c) an iron nail with the point projecting abbve the concrete, {4) 
a glass bottle with the neck projecting a little above the concrete, 
(e) an earthenware jug with the mouth projecting a little above 
the concrete. 

Note 8. — In bedrock, (a) a standard disk station and mark 
wedged in a drill hole, (&) a standard disk station mark set in 
concrete in a depression, (c) a copper bolt set in cement in a drill 
hole or depression, (<l) an iron spike set point up in cement in a 
drill hole or depression. 

Note 9, — ^In a bowlder 3 te&t below the ground, (a) a standard 
disk station mark' wed]e^ in a drill hole, (&) a standard disk 
station mark set in concrete in a depression, (c) a copper bolt set 
with cement in a drill hole or depression, {(2> an iron ipike set 
with cement in a drill hole or depression. 

Note 10. — ^Embedded in earth 3 feet below the surface of the 
ground, (a) a bottle in an upright position, (ft) an earthenware 
jug in an upright position, (c) a brick in a horizontal position 
with a drill hole in its upper surface. 

94. Beferenee marks. — 

Note 11. — A standard disk reference mark with the arrow^ point* 
ing toward the station set at the center of the top of/ <a) a. 
square block or post of concrete, (6) a concrete cylinder, (c) an 
irregular mass of conciiete. 

Note 12, — A standard disk reference mark wit][i the arrow point- 
ing toward the station, {^) wedged in a driU hole in outcro^K^ing 
bedrock, (ft) set in concrete in a depression in outcropping bed- 
rock, (o) wedged in a drill hole in a bowlder, (d) set in concrete 
In a depression in a bowlder. 

Note 13. — A standard disk reference mark with the arrow point- 
ing toward the station set in concrete at the center of the top of 
a tile, ia) which is embedded in the ground, (&) which is sur- 
rounded by a mass of concrete, (c) which is fastened by means 
of concrete to the upper end of a long wooden pile driven into 
the marsh, {d) which i^ set in a block of concrete and projects 
from 12 to 20 inches above the block. 

95. Witness marks. — 

Note H. — ^.V conical mound of earth surrounded by a circular 
trench. 

13027''-21 4 
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Note 15, — ^A tree marked with, (a) a triangular blaae with a 
nail at the center and each apex of the triansle» (d) a square 
blaze witii a nail at the center and each corner of the square, 
(o) a blaze with a standard disk refereiica mark set at its c^iter 
into the tree. 

96. Sample dei^riptioms. — 

DESCRIPTION OF TRlANGULAflON STATION. 
Department of Gomhebce, 

TJ. 8. COAST AND GEODSnC ^tTHTEY. 

Form 525. 



Name of station: J^pem. 
Chief of party: B. ET. Pagejuhun. 



SurtAOe-statlon mark, Note, lb. 
UndeigEiouxid'StatiDii 

mark^ Note, 7?. 

Referaioe mark, Note, I th. 

Reference mark. Note, 

Witness mark, Note, 

WiteesaxQurk, N#te, 

Hdght of signal above station 
' mark, rmeter. 
Hfligbt of telesoopeabove station 

mark, / IfS meters. 



DtteiloddntriptiMl: 
hetovAhWi 



State: Tex^. 
Year: tm. 



County: TTOIacy. 
Looalfty: Lagvma Main. 



DitrtaaeeB aad direotkioB to ref^renee marks and 
prominent objects. 



Ot#ct. 



wfttdm 



ImUl (north- 
emoneoftteo), 

Windmm,, 

RtfetetUefitafk.... 



tmtte 

SISmUe.,.. 
$i.e9fn«Uri 






00 
1S8 tS 

% 



Aci. 



ikarWt totUMoestern end of a high sandy ridge partly covered with graee, on a large island 
jtnowtt tu Lopena Idanianthe toe»Um$ide ofLagkna iiadfe. TheridgeUiuarthevieeUru 
tide qfthe inand and aboM midwaf of its length north and wuth. The station is in range 
wUh the Uft tatufent of the southernmost one of a group of four islands ahout A mUes distant 
in asouih^southwest direction and the Uft tangent of an isiand y>es% of the MNOft^m end of 
Lopena Island. 

De86ribed by E. H, Pagenhart. Matted lyy O. D, Oowie. 

NbTt.--Ttie tnitia) direction must be to a mala scheme itatiai. 
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DESCRIPTION OF TRLANQULATION STATION. 
Depaetment or Gommebce, 
V. S. Coast and Oeodbtic Survey. 

Form A25. 
^amei3i8t9,Uan:8w0nPoiiUS. Stete: MmtfkMd. Cotintj: iiueenAnmet, 
Chief of party: C. C. YaUs, Year: 1909, Looallty: C7ie9apedke Bay. 



in. 



Surf ac«4totioiQ maik. Note, 
UnderEroand-sUtion 

mart , Nofe, 7d, 

Rafereneemark, Note, iia. 
Reference mark. Note, 
Witness mark. Note, 

Witness mark, Note, 

Height of signal above station 

mark, f me<»r8. 
Height of telescope above station 

mark, j^l meters. 



Disteneee and dinetioos to reference marks and 


prominent objects. 




Object. 


Distanoe. 


Dinetioo. 


An- 
mnttu 






• / // 


• f ff 


Love Point Liaht 




CO 
iOS 54 




Chimney of cabin.. 


$S meters ±, 




Oable of Rockhall 
wharfhoMe. 


Imile 


m (y^ 




Reference marie, a 


it,JiSmeten.. 


m 0$ 




copper bolt in a 
blodt ofamereu. 








Refextnct mark 
(note 11a). 


ISjemeterf.. 


m 02 












2mile» 


m 1$ 




to right of Wtnd- 








miUPoiaU 










^ miles 


SOS 46 





Detailed description: 

On Swan Pom, a sand and marsh point on the eastern shore of Chesapeake Say, about 
5^ mOeM tcnUh'^ouibwest of ToUshestn Reach Whtarfand 7 miUs noHh of Lout Point. The 
station isabontiiS meters from the extremity of the point, abotU /i metersbackfrom the shore 
line, and abotU S6 meters southwest of a fisherman's cabin. 

Described by C. C. YaUt. Jthcked fay J^. J. Phdan. 

NoTB.— The initial direoticm must be to a main scheme station. 



RECOVERY NOTE, TRIANOULATION STATION. 



R 



Department op Commebce, 
U. S. Coast A>n> Qeodettc Survet. 
Form 526. 

Name of station: Matjsvitte Butte. State: CaXifomia. Connty: Gutter. 
Bstablisbed by: W. mmbee^.. Year: me. Locality: Swntmemo VaUty. 
Recovered hy:A. F. Roigers. Year: 1904. 
Detailed statement as to the fitness of the original description: 

Abov^ IS mUes west of MttpysvUle, on the ootUhedstern twwmit of the south hutte of tht 
WtrysviUe Buttes, about 6 meters northeast of the highest part of the summit, and near the 
steep difon the fh»ihem tide. The station was marked tkiginmy by a copper bolt set in a 
drill hate in a depression im OfLteropping bedrock. When recovered m 1904 this mark wa» 
fownd in good amdition. As an additional mark the depression was fitted with concrete in 
which a stajsiant diek station mark was placed dtiteU^ ttbove the copper boH. 

Diatanoee amd direetUm» at tUMont. 





Distance. 


Direction. 


JHount Hdena , r 




1 

00 


R^erenee mark No. 1 (note lia) 


....meters.. 


2.916 
g.470 
2.6S3 


6S 04 


Reference mark No. t (copper bolt set in solid roeiky 

R^erencemark Ko.Sisameat iVb.f)... 


::::^f:: 

do.... 


196 4S 
SIS 03 







NoTE.--One of these forms must be used for every station recovered. 
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97. Land section cotners and other stirvey marks. — Whenever it 
is feasible to do so without incurring undue expense, the section 
corners established by the Land Survey, and sui-vey marks of 
any kind found upon the ground, including township, county. 
State, and international boundary monuments, shall be con- 
nected with the trangulation, either by direct measurement of a 
distance and direction from a triangulation station or by treat- 
ing them as intersection stations. 

98. It will Insure the permanence of a station if it is related by 
direct measures or otherwise to neighboring cadastral features, 
and a station located close to a line fence is less liable to dis- 
turbance than one situated otit in an open field. ' 

99. Poor seeing. — Obsei^vations either in the main scheme or on 
intersection stations in triangulatiou of this class may be taken 
under any atmospheric conditions when the object to be painted 
upon is visible and there should be no delay to secure good seeing 
before observing. If the seeing is very poor, it may be necessarj- 
to increase the number of obser\^ations on angles in tlie main 
scheme in order to secure the required accuracy. The decision 
in regard to the necessity of each increase should be based upon 
the triangle closures which are secured with suCh poor seeing 
rather than upon the appearance of the signals or even upon the 
range of the observations, 

100. Field conputftttons. — The field computatloDS for the main 
scheme and supplementary stations are to be carried to even 
seconds in the angles and azimuths, to hundredths of seconds in 
the latitudes and longitudes, and to five places in the logarithms. 
The field computations for intersection stations, and for indefi- 
nite objects should be carried out to a sufficient number of deci- 
mal places to give t\vo uncertain figures in each result In gen- 
eral it will be necessary to carr^' the angles to even sec^mds and 
the logarithms to five places. The computation of the horizon- 
tal measurements up to and including the lists of directions for 
all stations and objects and the computation of the triangle sides 
of the main scheme should be kept up as closely as possible as 
the work progresses, to enable the observer to know that the ob- 
servations are of the required degree of accuracy and complete- 
ness. No least square adjustments are to be made in the field. 
All of the computation (taking of means, etc.) whi<^ is made in 
the record books and in the lists of directions, should be so 
thorou??hly checked by some person, other than the one by whom 
it was originally done, as to render an examination in the office 
unnecessary. If there is no one in the party besides the observer 
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who is competent to cbeck the computations^ then it will be ac- 
ceptable for tlie observer to do the cliecking, but it shovld not be 
done immeclliltely after the couipntiug. The Initials of the per- 
sons making and checking the computations In the record boQk» 
and the lists of directions should be i^gued to the record as the 
computation and checking progresses. Pointings upon Indefinite 
objects should be carefuUr examined, graphicalljr or ottierwlse, 
the objects identified, and the identiflcatlbn clearly indicated in 
the records and computations. It is lmi)ortant to indicate clearly 
what lines are to objects on whidi no pointing was secured from a 
second station, as wrtl as to indicate by coramoB names or ssFmbols 
what lines are to the' same object. This must foe done as the field 
work progresses. 

101. In laying out the triangle side computation, the names of 
the stations should be written in the triangle In a clockwise direc- 
tion, and the order of triangles should be such as to give two or 
more results for the iside to be used as a base for going ahead. 

102. For each quadrilateral figure the length of the baso frorti 
which it is computed should be that resulting from the computa- 
tion of the two strongest triangles (those used In computing Ri\. 
in the preceding quadrilateral. 

The length computed through the 
two weakest triangles should be 
used only as a check. With well- 
shaped figures the two values for 
any one line will, in general, 
agree within 1 part in 5000, un- 
less a mistake has been made. 

108: In th6 posftldn computa- 
tion <m Form 27 the position of a 
station should be computed from 
the two sides, radiating from 
the point, of one of the stronger 
triangles used for carrying for- 
ward the lengths, and from the 
angles of that triangle. In any 
triangle B A, figure 16, C being 
the new point whose iwsltion is 
desired, the line from 5 to C Is computed on the left page of the 
form and from A to O on the right page. With the triangle side 
and position computation written as above (from left to right) 
the angles at B and A are always, respectively, + and — , and 
no sketch is necessary to write up the position computation. The 




Fig. 16. 
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factors for the position computation in the latitudes from O'* 
to 72* are given in Speciai Publication No. 8. Tliere are also 
given in the preface to that publication detailed directions, with 
sample forms, for making tlie position compatation. 

104. Where connection is made with a base the measured length 
is to be used in going ahead. 

105. RedvDtipn to center of obMnrations at eoce Atria staticm. — 
Use. Form 382, The instructions for computing the redaction to 
center are given on the back of the form, a cofpy of which is 
given below. A sketch showing the relative position of the center 
jind eccentric station with directions to one or more stations must 
be entered in the record and on the list of directions* 

The required reduction to center is, in seconds, c= — . ^,, t in 

which d is the distance from the eccentric station to the true sta- 
tion, and s Is the length in meters of the line between the true 
stations involved, and, therefore, log s is taken directly from the 
computation of triangle sides, a is the direction of the distant 
station involved, reckoned in a clockwise direction as usual, but 
referred to the direction from the eccentric to the true station, or 
center, taken as zero. This definition of a is true for the case 
in which the object pointed upon is eccentric, as well as for the 
case in which the instrument is eccentric. 

Carry « to minutes only and all logarithms to five decimal 
places only. Do not in any case carry the derived reductions to 
more than two decimal places. There is no advantage in carrying 
them to n^ore decimal places than the directions to which th^ are 
to be applied are carried on Form 24A. 

The preceding paragraph fixed the maximum number of decimal 
places to be used. In some cases a smaller number may be used 
as indicated in the following table : 

And d Is less than value stated below in meters— 



Iflogaritbm 
of shortest 
linecon- 


Use logarithms to four decimal 
ptaMes and a to minutes. 


XTse logarithms to three decimal 
places and <x to degrees. 




Primary tiian- 
gulatioii. 


Secondary or ter- 
tiary tnangu- 


Primary triaii- 
gulation. 


SeooDdary or ter- 

tiaijrtnangu- 


2.5 




0.« 
2 
6 
20 




0.02 


3.0 






0.06 


3.5 
4.0 
4.5 


0.0 
2 
6 
20 


0.02 
0.06 
0.2 
0.6 


0.2 
0.6 

2 


5.0 




6 
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If the instrument is eccentric, the first column of this form 
should contain the names of the stations observed from that 
eccentric position of the Instrument. 

The values in the fifth column are derived by subtracting those 
in the fourth column from those in the third. The values in the 
fourth column may need to be derived by successive approxima- 
tions from the triangle side computations if the- eccentric reduc- 
tions are large. The values in the sixth column are obtained 

from those In the fifth by adding log — — =77 derived as indicated 

in tlie heading of the form, if d is expressed in meters. If d is 
expressed in feet, to the other two logarithms add also 9.484Q2 
to convert to meters. To obtain a direction as shown on Form 
24 A, subtract the reduction c for the station which Is the initial 
on Form 24 A from the i-eduction c for the required direction 
and apply the difference to tlie observed direction. Similarly, 
the correction to any angle is the difference of the reductions on 
this form to the two directions Involved In that angle. 

REDUCTIONS TOR AN ECCENTRIC OBJECT OBSERVED. 

If the object observed is eccentric, the heading "EJccentric 

Station " should be changed to "Eccentric Observed Object 

at Station ," the first cohinm should contain the names of 

the stations from which this eccentric object was observed, and 
in each case a Is the direction from the eccentric object to the 
distant station involved, reckoned in a clockwise .direction as 
usual, but ref^red to the direction from the eccentric object to 
the true station, or center, taken as zero. (No distinction need 
be made between the direction from the eccentric object to the 
distant station and the direction from the true Station to the 
distant station except when the eccentric reduction Is more than 
one minute.) The remainder of the computation on this form is 
made In the manner Indicated above with reference to an eccen- 
tric Instrument. The reductions to directions are, however, to 
he applied to observed directions, at the stations named in the 
first column, to the eccentric object at the station named in the 
heading. The directions to which these reductions are to be 
applied are therefore found In various of the lists of directions 
on Form 24 A, not alt In one list as is the case when the Instru- 
ment is eccentric. 
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(Compare tbe foUowing exanqile with that given on Form 24 A. 

BEDXJCnON TO CENTER. 
EceetUHc Station: Chase, 
d— 10.987mAters. 



Logd^ 1.04068 
Cologsinl"= 6.31443 



8am 6.3$581 



• 

stations. 


a. 


Los sin a. 


Log*. 


Log*i^«. 


Loga- 
ritlms 

ofreiiKK 
tionln 

seoonds. 


Reduc- 
tion 


Cttitor 


r 

00 
224 27 
242 47 
249 02 
179 18 










" 


Central 


9.84528 
9.94904 
9.97025 
8.06696 


4.40254 
4.51928 
4.30616 
4.49198 


6.44274 
6.42976 
6.66409 
3.59498 


1.79805 
1.78607 
2.01940 
9.95029 


— 62.81 


Little River 


- 60.96 


Lytsis, salt works 


-104.67 
+ 0.89 











106. Spherical excess. — The spherical excess which is propor- 
tional to the area of the triangle becomes appreciable only when 
the sides are from 4 to 5 miles in length. One-third of the com- 
puted excess is deducted from each angle of the triangle, and the 
difference between the sum of the resulting angles of the triangle 
and 180° is the error of closure to be distributed. The formula 
for the spherical excess E is . 

E= mah sin C, 
in which a, b are the^ triangle sides and C the included angle. The 
values of rn are tabulated for every 30' of latitude, and are printed 
in Special Publication No. 8, page 16. A condensed table of log nt 
to four decimal places for every 5** of latitude is given below. A 
rough approximation of the spherical excess of a triangle in sec- 
onds is obtained by multiplying its a^rea in square miles by li 
and pointing off two decimal places. 

107. Condensed table of log m, — 



Lati- 
tude. 


Logw. 


Lati- 
tude. 


Logm. 


Lati- 
tude. . 


Logm. 


e 



6 

10 

16 

20. 


L4070 
69 
68 
66 
63 


o 

25 
30 
85 
40 
45 


1.4059 
65 
60 
45 
40 


o 

50 
56 
60 
66 


L40S6 
30 

17 



Digitized by VjOOQIC 



TiaTTAaY TBlANGUIiATION. 



57 




rs4 



106. Xatbematioal solution of the tliree-point problom. — If three 
points, forming a triangle of which the sides and angles are 
known or can be computed, be 
visible from a fourth point F, 
it is required to determine the 
position of P. 

Set up Ite ttwodolite at P 
and measure the two angles 
subtended by any two of the 
given sides. 

This prob^ehn is of we in 
cases where the reguiftr til- 
angnlation having heen com- 
pleted, addltloiial points are 
required tot the topographic 
survey or are needed for 
special use. The angles should 
be cftPefuily neasured aad in 
the computatioas the loga- 
rithms should be carried to 
the same number of places of 
decimals as in the regular tri- 
angle side complication. 

Three (busies of its applica- 
tion are given, depending upon 
the location of the p<dnt P with 
reference to the sides of the 
triangle. If P fUls upon the 
prolongation of a side of the 
triangle the case resolves itself 
into the solution of a triangle 
with a side and all the angles 
given, while if P is situated on 
the circumference of the circle 
pafiiUng throu^ the vertices of 
the triangle the problem is in- 
determinate. 

Given the sides, -o, ft, c, tmd 
ttie angle A. 

Angles olMS^rred, AP€^P* APB^P*\ 

To find, ABP^x and ACP'=^. . 

In cases I and II, let S«180**— ^ (Jl+P'^-P^') 

In case III, 

cflinP^ 
'b ein P'^ 



o 




CO 

O 




fif=i (A-P'-P")=i (a?-hy). 



Let tan Z= 
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then, 

tan e=cot ( 2f-f45'' ) tan fif. 

If tan e be positive, a?=fif-f-e, y==iS-*s. 

If tan e be negative, a?=iSf— e» y=fi^H-e- 

Since all tlie angles and a side in each triangle are now known, 
the other sides, or the distances from P to tbe tlkree given p^nts, 
can be readily computed. 

The results are verified when both triangles give the same value 
for the line PA, 

109. Triangrulatioii records. — Do not dfipUcate vokmies of kcri- 
zontal angles. Do not make an abstract o* afiglea Mate a com- 
plete list of directiims on Form 24A, in aeoordance with the in- 
structions on the back of that form. The local adjuBtment cor- 
rections (to close horizon only) are to be written in tiie "Hori- 
zonlal angle record," and the " List of directions " Is to be made 
from that record directly. 

110. Base, azimuth, and vertical angle obaerra^ond may be 
recorded in '* Horizontal angle leGocd." Base and azimuth ob- 
servations are to be duplicated on compttting paper and attaeHed 
to ** List of directions." 

111. All records of observations should- contain an aM[iliabetic 
index of stations occupied. When stations aore ooeupiCKl more 
than once, each record should have a cross refetenee to page and 
volume. Records ^ould also contain, a pi^efaoo giving briefly 
number, make, and «^ze of instrument, with direotioft and manner 
of graduation and method of observation, and any Informatlen 
necessary to a complete understanding of the xeeord. 

EXEVATIOKS BT VE&TICAL ANGLES. 

[The Instructions under this bead apply to both se<H>tidary attd tertiary 
triangulation.] 

112. Scheme of observatioas. — ^In connection wltJi secondary and 
tertiary triangulation a complete scheme of vertical aa^e ob- 
servations should be carried out, except in the cases stated below. 
This complete scheme should consist of a continuous series of ver- 
tical angle measures through the main scheme of the triangulatixm, 
observing each line over which horizsonital angles are observed (the 
observations over each line to be made in both directions if botli 
ends of the line are occupied),. and dhould also Include observa- 
tions of vertical angles upon all .supplementary aud interseetfon 
stations corresponding to the horizontal angles measured upon 
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such stati<ma Ooimecti<«s should be made with elevatioDs ac- 
curately determined by precise leveling, wye leveling, or tidal 
observations as frequently as possible. When a triangulation is 
carried along a coast or tidal stream, at each station near the 
shore where it i» convi^iie&t to do so, a connection should be made 
with mean sea level and the connection recorded. Tide gauge 
marks should be included where available, but otherwise an ob- 
served vertical angle to the water's edgo and an aiH[>rQximate dis- 
tance to the point sighted upon, with a note as to height of tide 
or the time, may serve the purpose. If the plane-table topog- 
raphy fixes the elevation in the region covered by the triangu- 
lation, that pnvt of the obaervaticois of vertical angles upon sup- 
plementary and intersection stations which would merely furnish 
redeterminatioiis of elevations fixed by the topographic survey 
may be omitted, but the observations of vertical angles in the 
main scheme and upon supplementary and Intersection points 
beyond the limits of the plane-table surveys should be made. If the 
scheme of triangulation is along a coast or river, with no higii 
ground visible from the stations, and if at each station it is not 
difficult to make a sea*level connection, tlien a series of vertical 
angles need not be carried throng the main scheme. In this case 
only such vertical angles should be observed as are necessary to 
determine the elevations of the highest points of aids to naviga< 
tion, such as lighthouses, staudpipes, stacks, etc If the eleva- 
tions of such aids to navigation throughout the scheme are known 
to be fixed previously in elevation, no observations whatever need 
be made. This condition will probably seldom occur, and then 
only on the Atlantic and Gulf coasts of the United States. 

118. Plaae of rtfereaM. — ^All lieights will be referred to mean 
sea lev^ 

Hi. Xethod of obtervatioa. — ^In the main triangulation sciieme, 
two measures, each consisting of one pointing with the telescope 
in the direct position and one porting with it in tlie reveised 
position, on each day of occupation is suflicient. For observations 
on intersection stations and indefinite objects two measures, each 
consisting of one pointing in each of the two positions of the tele- 
scope, on only one day are ajll that are necessary. Such observa- 
tions should be talcen on esm^ interflectien station or indefinite 
object from all the stations from which horizontal angles are 
measured to that station or object 

116. As far as practicable, the observations for vertical angles 
should be made as near the middle of the day as possible, and in 
any event not before 10 o'clock in the morning nor later than one 
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hour before sundowD. Barly luonkiiig and kite aftemobh obserra* 
tioos are of lower accuracy, owing to rapidly chai^ng vertical 
refraetioii; 

116. An eseential for the accuriite measurement .4)i v^ilcal 
angles^ whether in triangulalioD or tor astronomic poflttions, is 
that the vertical axis be truly vertic&l Or that the effect of errors 
of vertieallty be eliminiiited by the method of obserration. l^e 
instrument should of course be leveled and ^aced in adjustment 
before beginning observations, but thereafter error in vertieallty 
of axis will be eliminated by the following system of observing 
for each elevation to be determined ;- 

117. BireotionB for observatioiis. — (Or) Point on objeet, bring 
horizontal thread to position by telesoope-clamp slow-4BOtion 
screw; <&) bring to the center of the vlai the bubble attached to 
the verniers of the vertical circle by means of the vernier slow- 
motion screw; (c) read both vernier; <<l) turn the instrument 
180^ in azimuth and transit the telescope. Hepeat (a), (6), and 
(c) in same order. Do not change the relation between the axis 
of the bubble and the line Joteing the zeros of the verniers between 
the two pointings of a set. For all important objects determina- 
tion of elevation should be obtained from at least tlH'ee stations. 

11& If the instrument issed is a tlteodoUte of T-^inch circle or 
smaller, it is usuaUy best to bring the bubble to tlie center of the 
scale for each pointing in order to avoid having level obrrections. 
With the larger instruments, «sM^ecially designed for trigonometric 
^leveling, the bubble is very sensitive, and it will be found b€^ 
to make level readings for any position the bubble may be on the 
scale rather than attempt to center the bubble.. If the vertical 
drcte is fastened rigidly to the telescope of the theodolite, the 
bubble may be brought to the center by means of the foot screws 
(before maldng the pointing) or by the i^ow-motton screw of the 
frame supporting ,the bubble- and verniers after making the 
second pointing. If the instrument is one by which the vertical 
angles are measrured by the method ef repetitions, then the bubble 
must be brought to the center, or oft the seale^ for the seecxnd 
pointing, by the -foot screws only. 

119< Reeord. — ^Observations should be recorded in tiie usual 
Double Zenith Distance records except in work where very few 
stations are occupied for vertical angles, in which case they may 
be recorded in the Horizontal Angle record book and listed in the 
table of contents* The actuai circle i^dtngs are always to be 
recorded. 
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120. The D. Z. D. record is arranged for use with repeating ver- 
tical circle ; for observations as here proposed the columns headed 
^' Rep's of DZD," " Level," " C," and " D " may be left hUnlc. 

121. In every (^ase the record must show clearly the height of 
the instrument in meters and centimeters above the surface marls 
at the station occupied and the exact point obifervfedon at each 
distant signal with its hei^t above the surface mark; whenever 
the entire signal is visible the ground should be observed and so 
noted. In observing ob^cts otlier than signals care should -be 
taken to note in the record the exact point sighted upon In each 
case, as, for example, for motmtain peaks, " ground " <^. " tops 
of trees"; for a church, "top of dome" or **top of tower," etc. 
When tops of trees are observed the estimated hei^t above 
ground should be noted in the record and the ground ^ould be 
observed if practicable.' 

XS2. In the caste of n^ountalos and hilltops a small sketch show- 
ing the relation of the point determined to the outline of the sur- 
rounding elevations will be useful in representing the object on 
the chart, as well as to the observer in identifying the object from 
another station. . 

128. CompTitation of elevations from observations of zenith dis- 
tances made in oonneotion with tertiary triangulation. — ^Abstract 
all zenith distances on Form 29, bringing together all observations 
upon the same object from a given station, and taking the mean. 
If the observatloais are taken on more than one day, give, the mean 
result for eaeh day the sanie weight, regardless of whether many 
or few observations were made on that day. 

124. In the record book -and on Form 29 carry all angles to 
seconds only. 

125. The value in the column headed ** Object above station " is 
zero if the object pointed upon is the final mark for elevation, as, 
for example, the top of a chimney, top of a spire, etc. 

126. Use the column headed " Reduction' to line joining sta- 
tions" only when the observations are reciprocal — ^that is, are 
made in both directions over the line in question. The quantity 

in this colimin is an angle of which the value in seconds is ; — =v/» 

^ « sin V^ 

in which « fs th^ horlfcontai distanoe between, stations, t tJbe ele* 

vation of the telescope above the station mark at the observer's 

station, and o the elevation of the object sighted on above the 

station mark at the distant station. This formula represents, 

therefore, a vertical eccentric reduction which is to be applied as 
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a correction to the observed soeoith clistance to obtain the cor- 
rected z^iith distance. Four places in tlie logarithms are all that 
are necessary in conqrating these values. 

137. If the observations are made in one direction only over a 
line, the above vertical eccentric reduction is not needed. Instead^ 
the difference t — o, expressed in meters, is to be ai^ed as a correc- 
tion to the computed difference of elevation, as Indicated on 
Form 29B. 

128. For redproeal obserrati^tts use Form 29A in computing 
differences of elevation. The lower part of the form, invohin.i? 
the weight p and the coefficient of refraction m, is not used in 
field computations. The formula for the difference of elevation 
between stations 1 and 2 is : 

/i2-/ii=# tan i (?a-ri) [^ B C]. 

In this formula hi Is the elevation above mean sea level of station 
1, which should be the station whose elevation is the more pre- 
cisely known ; /?2 is the elevation of station 2 ; « Is the horizontal 
distance between the stations, reduced to sea level, log s being 
taken from the best available computation of triangle sides; ^a is 
the mean corrected zenith distance of station 1, as observed from 
station 2; similarly, fi is the zenith distance of station 2 from 
station 1. The values of fa and J*i nre to be taken from computing 
Form 29. A, B, and C are correction factors whose values are 
nearly unity and whose logarithms may be found In Tables o, h, 
and c, on pages — and -^. -1 is the correction factor for the ele- 
vation of station 1 ; its formula is 

in which p is the radius of curvatui-e of the arc between stations 1 
and 2. J5 is the correction factor to the approximate differenced 
of elevation, s tan i (f»- ?i). Its expression is : 

^=l+^t.ani(^-ri). 

Is the correction factor for the distance between stations, its ex- 
pression being 

Further explanations in regard to Ay B, and C will be found in 
connection with their respective tables. 
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139. Compute through the form by horlzoiital lines. In the 
form a brace groups those quantities which* added together, give 
the quantity on the line Immediately below the brace. In field 
computations carry the angles to seconds, the logarithms to five 
idaces of decimals, and the differences of elevation to hundredths 
of meters. In field computations the lines marked "i i^iSi) in 
sees." and " log ditto " may be omitted and log tan } (ifa— fi) may 
be taken directly from Vega's or Shortrede's tables and entered 
in the line marked " T." Having found log [« tan } (ii— fO], use 
it to take out log B from Table h. Add algebraically the log- 
arithms of A, B, and C to log [« tan } (f»^i:i)l ; the sum will be 
log {h»—hi)t hi— hi being expressed in the same unit as «, in this 
case the meter, which is the unit throughout the computation. 
To convert meters to feet, which should be used in topographic 
work, multiply the nuniber of meters by 3*28088 (log 3.28083=^ 
0.51506). 

180. For nonreeiprooal obserrations use Form 29B in computing 
differences of elevation. The computation of weights provided 
for at the bottom of the form may be omitted In a field computa- 
tion. The same rules as to the number of figures, etc., will apply 
here as to the computation of reciprocal observations and the 
braces have the same meaning as In Form 20A. Tlie formula for 
difitereece of elevation Is i^lmllar to that for reciprocal elevations, 
but sdDce oDiy t«e zeirith distance <|t) Is observed, the quantity 
i (^~?j) m««t be replaced by 90'+fc— fi, the value in seconds of 

k being given by the equation k—- '\ ^,/ ' In this equation 

m is the coefficioit of refraction, which varies with varying at- 
mospheric conditions. In office computations the best available 
value, of m will be used, but for field computations put 

log (0.5— »i)=9.6324&-10 

which corresponds to «i=0.071. Log p comes from the table in 
paragraph 138, the arguments of which are the mean azimuth 
and mean latitude (a and ^) of the line. These quantities need 
not be known closer than the nearest tentli of a degree. Havlnj? 
found Xc (to the nearest second only for field computation?) the 
formula for the difference of elevation is given by 

ft,— fci=« tan (90*"f fc— fi) [A B O]. 

The quantity ^ Is the mean observed zenith distance and comes 
from Form 29, as does also the quantity t — o which ts to be 
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applied as a correction to hi—hi as Indicated in paragraph 127. 
No vertical eccentric angular reduction Is to be applied to ?i. 
This is contrary to the practice on reciprocal zenith distances. 

181. In the field computations the lines marked "OO^+fc^fi in 
siecs." and " log ditto " may be omitted and log tan (W'-f'fc— fi) 
taken directly from Vega*s or Shortrede*s tables and entered in 
the line marked "T." Log U tan (90*+fc— fi)] is used as the 
argument for log B, The arguments of log A and log C are hi 
and log «, respectively, as in the case of reciprocal observations. 
The logarithms of A, B, and €f added ftlgebraiciilly to log 
[8 tan' (90^+fc— fi)] give log(7?,— fti>. * ' 

132. Table a gives the values of Tog Ay ihe correction ftictor for 
the elevation of the known station, by showing the limiting values 
of the elevation hu between which log A may be taken as 0, 1, 2, 
3, etc., units Of the fifth place of decimals. Ix)g A is p<:>sitive. 
except in the very rare case where fti corresponds to a point below 
mean sea level, 

138. Table a. 





units of 




unSsof 




annsof 




unitsof 


h 


filth 


fti 


filth 


hi 


filth 


h 


Dfth 




place of 
decimftls. 




place of 
aeotiXLals. 




place of 
<]jBcii]iaJ[8« 




place of 
cEwiaMls. 




.JOetera. 




Mettrs, 




Mlrtera, 




Jfdtn, 


I 







1S41 




3156 




4770 






. Q 




11 




22. 




88 


73 




1684 




3303 




4917 






1 




12 




23 




34 


220 




! 1835 




344» 




5654 






. 2 


1 


13 




24 




. 36,- 


367 




1982 




3596 




5211 






• 3- 




14 




96 




86 


514 




2128 




3743 




6357 






4 




15 




26 




37 


661 




^5 




3890 




6504 






5 




16 




27 




38 


807 




2422 




4036 




5651 






6 




17 




28 




39 


954 




8599 




4183 




5798 






7 




18 




29 




40 


1101 




2715 




433?y 




8945 






8 




19 




90 




41 . 


1248 


9 


2862 


20 


4477 


81 


6691 




1394 ' 


10 


3009 


21 


4624 


32 






1641 




3156 




4770 









134. Table b gives the values of iQg J?, the correction factor for 
approximate difference of elevation, by showiiig Qie limiting values 
of log [8 tan i (^2— fi)3 or log [« tan (90**-|-fc— fi)] between which 
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log B may be taken a» 0, 1, 2, 8, et^., tmits of the fifth place of 
declxnals. Log B has the same sign aa the angle } {^t—M or 
90**-f-fc— fi; for example, if log \9 tan ^ (fi— fi)] lies between 
3.5C5 and Sr.505 and I (f*--.Ci) Is iK)sitive, log B=-f-0.00013, but if 
^ (fa— rO is negative then Tog B= —0.00013, i. e., 9.9W87— 10, the 
former way of writing being usually niore convenient in practlee. 
ISft, XaUe iK 



Uyg[tfa» 




Lofl^ tan 

h (rt-fi)i 

tli»<90*+ 
idniSen.) 




Logt'tan 




Mff-fi)I 
tS(W*+ 


fifth pbee 


Log 3, 

fnitsof 

fifth place 


i(ft-ri)j 

OrlOKM 

tan (9^+ 
in meton). 


flirtkpiaoe 
oiaeebnals. 


— 09 

2.1W 





%.397 




t.«6 






1 




9 




17 


2.644 




31.445 




t.ni 






2 




10 




18 


2.806 




Si 489 




t.78§ 






3 




11 




» 


3.011 




Si 528 




1788 






4 




12 




28 


3.121 




3.565 




8.779 






& 




n 




n 


3.201 




3.508 




3.800 






6 




H 




22 


a 281 




a 629 




8.820 






7 




16 




23 


3.343 




3.658 




3.839 






8 




M 




» 


3.397 




3.685 




3.887 





1B6. Table c gives the value of log C, the correction factor for 
distonce bet^v^n stations, by showing the limiting valiMIs of log 8 
between whieik log C may Im taken as 0, 1, 2, Z, <^tc., tmlts of tile 
fifth place of decimal*. Los ^ is always poeitiiv^ 

1S7. Tabte c. 



Ii0g«(»llk 


l^of 


Log«(«in 


' U^0^ 


meters). 


Hfthplaoo 
ofdcdhials. 


xaeteiB). 


filth pboe 


a(XKr 




5.297 






a 




-f 


4.876 




5.352 






1 




5 


5.113 




5.395 






2 




6 


5.224 




5.432 






3 




7 


5.297 




5.463 





18027'*— 21- 
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13& Table of logaritiuns of radii of ourvature of the earth's 

surface in meters for Tarions latitudes and azimuths^ based upon 
Clarke's ellipsoid of rotation (1866). 



Azimuth. 


O'lat. 


riat. 


2'lat. 


3'lat. 


4Mat. 


5«lat. 


6»lat. 


• 
Meridian. 


6.80175 


6.80175 


6.80175 


6.80176 


6.80177 


6.80178 


6.80180 


5 


177 


177 


178 


178 


179 


180 


182 


10 


184 


184 


184 


185 


186 


187 


188 


15 


195 


195 


195 


196 


197 


198 


199 


20 


909 


909 


210 


210 


211 


212 


.214 


25 


227 


228 


228 


228 


229 


230 


232 


80 


248 


349 


249 


256 


250 


251 


258 


85 


272 


273 


273 


273 


278 


274 


276 


40 


206 


297 


297 


297 


298 


299 


300 


45 


322 


322 


322 


323 


324 


324 


325 


60 


848 


348 


348 


348 


349 


360 


351 


55 


373 


373 


373 


373 


374 


374 


375 


00 


816 


396 


396 


396 


397 


308 


396 


65 


417 


417 


417 


418 


418 


418 


419 


70 


485 


485 


436 


436 


436 


487 


437 


75 


480 


450 


450 


450 


451 


451 


452 


80 


461 


461 


461 


461 


462 


462 


463 


85 


468 


468 


468 


468 


468 


469 


469 


80 


470 


470 


470 


470 


471 


471 


472 


Ailmutb. 


6«lat. 


7»lat. 


8«lat. 


9Mat. 


10»lat. 


llMat. 


12*lat. 


• 
Meridian. 


6.80180 


6^80181 


6.80183 


6.80186 


6.80188 


6.80191 


6.80194 


5 


182 


184 


186 


188 


190 


193 


196 


10 


188 


190 


192 


194 


197 


200 


202 


15 


199 


201 


203 


205 


207 


210 


213 


20 


214 


215 


217 


219 


222 


224 


227 


25 


232 


233 


235 


237 


839 


348 


344 


80 


iBI2 


254 


256 


267 


260 


262 


264 


« 


276: 


, m 


278 


280 


282 


284 


387 


40 


300 


301 


303 


304 


306 


308 


310 


45 


325 


816 


828 


320 


881 


883 


335 


50 


351 


352 


353 


354 


356 


358 


359 


55 


375 


»76 


377 


379 


380 


382 


383 


«0 


398 


399 


400 


401 


403 


404 


406 


65 


419 


420 


421 


482 


423 


424 


426 


70 


437 


438 


439 


440 


441 


442 


443 


75 


02 


452 


453 


454 


465 


466 


457 


80 


463 


463 


464 


465 


466 


467 


468 


85 


469 


470 


470 


471 


472 


473 


474 


90 


472 


4r2 


473 


474 


474 


475 


476 
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Azimutb. 


12«lat. 


13* tot. 


14- tot. 


16* tot. 


16* tot. 


17* tot. 


18* tot. 


Uetmm, 


6.80194 


6.80197 


6.80301 


6.80304 


6.80208 


6.80213 


6.80217 


5 


196 


199 


203 


306 


aio 


215 


219 


10 


202 


206 


309 


213 


217 


221 


225 


15 


213 


316 


219 


223 


227 


231 


236 


20 


227 


230 


283 


236 


240 


244 


248 


' 26 


244 


247 


350 


254 


257 


261 


265 


30 


264 


367 


270 


27B 


276 


280 


284 


35 


287 


289 


292 


295 


298 


301 


305 


40 


310 


313 


315 


818 


321 


824 


327 


46 


336 


337 


339 


342 


344 


347 


350 


60 


869 


361 


364 


366 


368 


371 


373 


65 


383 


385 


387 


389 


391 


394 


396 


60 


406 


407 


409 


411 


418 


415 


417 


65 


426 


427 


429 


430 


432 


434 


436 


70 


443 


444 


446 


447 


449 


451 


453 


75 


457 


458 


400 


461 


463 


464 


466 


SO 


468 


409 


470 


471 


478 


474 


476 


86 


474 


475 


476 


478 


479 


480 


482 


90 


476 


477 


478 


480 


481 


482 


484 


AiimuOi. 


18»lat. 


Wtot. 


20»tot. 


21* tot. 


22«tot. 


23* tot. 


24- tot. 


Itoidiiia. 


6.am7 


6.80222 


'■'^ 


6.80232 


6.80237 


6.80242 


6.80248 


6 


319^ 


224 


234 


239 


244 


250 


10 


325' 


230 


^ 


239 


244 


250 


256 


16 


216 


239 


249 


254 


259 


264 


20 


348 


262 


267 


262 


266 


271 


277 


26 


265 


269 


273 


m 


282 


287 


292 


30 


284 


287 


292 


296 


300 


305 


309 


36 


305 


306 


312 


316 


320 


324 


329 


40 


327 


830 


334 


838 


341 


345 


350 


46 


360 


363 


367 


360 


364 


367 


371 


60 


373 


376 


879 


382 


386 


389 


392 


66 




398 


401 


404 


407 


410 


413 


<M) 


417 


419 


422 


424 


427 


430 


432 


65 


436 


438 


440 


443 


445 


448 


450 


70 


453 


464' 


456 


459 


461 


463 


465 


75 


466 


468 


470' 


47i 


473 


470 


478 


80 


476 


478 


479 


481 


483 


485 


487 


86 


482 


483 


485 


487 


489 


490 


402 


90 


484 


485 


487 


489 


490 


492 


494 
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Aiinwth. 


24" lot. 


2&Mftt. 


26iM6t. 


ay^iAt, 


28<*]At. 


29M»t. 


30'lali. 


e 

M«ridfan. 


6.80M6 


«b 80254 


«b8026» 


6^80366 


i%80372. 


.&80279 


61.80286 


6 


256 


256 


26ft 


266 


374 


380 


287 


10 


356 


261 


263 


276 


279 


385 


392 


15 


aH 


27^ 


276 


388 


388 


394 


300 


ai 


277 


282 


288 


293 


299 


306 


311 


2» 


299 


297 


308 


308^ 


318 


aift 


. 325 


3d 


ao» 


314 


31»^ 


324 


33» 


^ 


340 


34 


329 


333 


338. 


846 


348. 


868 


4» 


359 


354 


358 


368 


367 


373r 


377 


45 


371 


376 


37^ 


388 


387 


391 


396 


5» 


39ft 


396 


39» 


406 


403 


4U 


415 


56 


^ 


416 


426 


JS 


426 


43» 


434 


W 


436 


436 


44£ 


44», 


451 


6fr 


45» 


453. 


436 


456 


461. 


1st 


407 


7» 


466 


46» 


47a 


475 


47S 


481 


76 


47ft 


48ft 


488 


486 


487 


48^ 


402 


a» 


48^ 


48» 


m 




496 


mI 


50C 


86 


4ga 


404 


«» 


496 


801 


506 


gft 


494 


496 


496 


106 


sm 


m 


507 


Azinath. 

• 


3»<»ftlt. 


|31<'lftt. 


tt^'lftU 


sa^^kkU 


64*lBt. 


36Mat. 


3e<*]at. 


6.80686 


; 6. 80992 


%.v»» 


6.80606 


6.808U 


6.80820 


6.80827 


5- 

id 


^ 


31 


8<0 

806 




8U 
819 


127 

8296 


399 
333 


t5 


3<X> 


806 


8t3 


sik^ 


836 


838; 


840 


a» 


311 


zn 


836 


880 


833 


848^ 


350 


26 


326 


83^ 


883 


S4& 


846 


356 


362 


30 

36 


319 
35» 


84ft 
843 


SS 


856 
874 


864 

880 


m 


376 
391 


4a 


37T 


882 


886 


898: 


887 


ts 


407 


46 


396 


40O 


406 


4tt 


^K 


424 


» 


416 


419 


m 


426 


43a 


^ 


441 


65 


4$4 


437 


Ul 


446 


44» 


457 


«» 


45t 


455 


468 


4osr 


48& 


ts 


472 


65 


4«I 


470 


473 


47S 


480 


486 


m 


481 


484 


486 


486 


492 


496 


498 


76 


498 


494 


493 


500 


508 


506 


506 


» 


608 


5(B 


506 


503 


5K^ 


t§ 


515 


86 


506 


£07 


51A 


5t2 


514; 


519 


» 


&U 


50» 


6U 


5H 


5£6 


5t& 


521 
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Atfaonth. 


36*l»t. 


iriRt. 


38«tet. 


«0»l»t. 


4ri»t. 


41«lat. 


iriit 


MMttia. 


«.MS7 


8.M35 


8.88348 


«. 83360 


5.88357 


«. 86365 


9.8B8V8 


5 


m 


335 


344 


351 


339 


366 


374 


10 


333 


340 


t& 


355 


363 


370 


378 


15 


310 


348 


333 


339 


376 


384 


» 


380 


337 


384 


871 


378 


385 


393 


15 


388 


388 


375 


383 


388 


395 


403 


30 


395 


381 


388 


394 


431 


437 


413 


15 


381 


397 


408 


486 


414 


430 


426 


40 


407 


413 


418 


433 


439 


434 


440 


45 


iU 


439 


434 


439 


444 


449 


464 


SO 


441 


445 


490 


454 


469 


464 


468 


55 


487 


441 


435 


410 


474 


478 


483 


•0 


47a 


470 


430 


484 


437 


% 


495 


« 


81 


439 


4» 


495 


580 


607 


691 


584 


597 


510 


514 


517 


75 


688 


510 


513 


516 


619 


533 


535 


iO 


615 


517 


530 


633 


635 


638 


531 


S5 


519 


5S2r 


634 


537 


639 


533 


634 


•0 


531 


533 


535 


538 


631 


633' 


536 


Ashirath. 


42* tot. 


43* 1st. 


44«lat. 

5.88888 


45* hit. 

9.88335 


4B*lat. 


47* tan. 


48* 1M. 


• 


8.88373 


0.80B30 


9.89104 


6.83411 


9.83449 


5 


374 


333 


339 


397 


484 


413 


420 


W 


378 


336 


333 


480 


498 


415 


423 


15 


384 


391 


338 


436 


% 


430 


438 


m 


3«3 


399 


485 


413 


437 


434 


u 


482 


488 


415 


433 


439 


436 


442 


¥^ 


413 


490 
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GEAYITY. 

139. A publication on modem methods for measuring the In- 
tensity of gravltgr is in oounie of pn^aratkm. When published 
it will contain detailed instructions for the determination of 
gravity. 
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TKAVXBSX. 

140. InstrtietioiKc for precise and aecHHidary traverse are given 
ill Special Publication No. 58. 

PEICI8E LSVXUVa. 

141. For general instructions for this work, see Special Publi- 
cation No. IS, entitled, "^ Fourth General Adjuatment of the Pre- 
cite Level Net in the United States and the Besultinir Standard 
Elevtttions ** and also Bpeeial Psblicatioii No. 22, entitled, " Pre- 
cipe iieveliiif from Brighwn, Utali, to Ban FriuMcisco, California.*' 

EECOinrOISSAVCE f OK TUJUIOULATIOir. 

14ii The reconnolssance preliminary to precise triangulation is 
niad8 under special instructions suited to the work to be under- 
taken. On tertiary triangulation the Hues am usuAlly of com- 
pamtiveiy sliort length if^ere the i a ie r fl aibi Hty of th« polats is 
eaBily tested, tot for ttie occnsloiial instanoes vhere aoch ia not 
the case, the methods briefly indicated below oiay be eoaj^lofe^. 

Where the intervisibillty of the points desired can not l>e deter- 
mined by trial, or where it is necessary to estimate the heights 
of towers wliich will make them intervisible when the line is 
obstructed elsewhere than in tlie immediate vicinity of one or 
both of the points, the map method of reconnoiasance may be used. 
The degree of precision obtained by this method will depend upon 
the accuracy of the map Itself, which fay usually Ind&eated by its 
source, date, and method of compilation, as well, as by internal 
evidioce. 

The dUIet«nce between the apparent and true diffei^nce in ele- 
vation of two points is affected by two factora» the curvature of 
the aarth*8 surface and the refraction of light by the earth's at- 
mosphere. These factors are of opposite sign and of an approx- 
iu^alely fi;i«d relation to each other, so that the combined effect 
can be applied aa a single factor. The ^oct at r^raction is about 
one-seventh as much as the curvature; the formulas for the 
separate effect of each can he found in various works on geodetic 
syrvQyiQj^ but the formulas below give the approximate resultant : 



h tin feet)»£* (ki miles) times 0.S74, 



or 



K (in miles) = V/^ (in feet) times 1.32. 
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UJL Below ifl a taWe, ooBdeaaed from tJle ooe given iu Am^eacUx 
d, KeiMH*t for 1882, willed gives tbe cUstanee K (in rtatote miles) 
sA wiydki a liGie from tbb beigkth (in feet) vUl ioiieb tbe lMriao«» 
takfat into aeeonnt terfeetrtiU reCmctloA wiUk a 
co^kieit of 0b67O. 



<7orree<km for earth'9 cumuture and refr^etim^. 
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fSo detefwlne he^ miidl tM Une of Mght between two atatieiis 
will clear or ftill' t?o elear an Inl^rvenltig Ml; eitlier the tatde 
above may be used or the following formula employed : 



*'**fei-4*<*8'— >fci> 



d.+du 



-4).fi808(fi<l>, 



w^re 



h =f=;liej^>t of Hue at obstruction, 

lh==bejj|bt of li^wer statiou, 

/(f^'belgbt of iiiterveaini; obstruction or bill* 

ftf===he)«bt of bigber station, 

<fi=dlstance from lower station to intervening obstruction, 

(fa='distance from intervening obstruction to higher sbition. 

AznnrfH. 

Ii4. 6«aeral reauurkft. — Parties engaged in general coi^st surveys 
sboiUd make aziomtb observations at one station for every 20 or 
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ao figures of the trlangulation. Tbe azimuth may be measured 
at any conTenlent • station of the triangulatlon, but preferably 
at isome station at M^i^h the deflec<tion of the plumb line is not 
large in tiie prime-vertical, therefore aToiOing, if possible, p<^iits 
having near-by mountain masses to the east or W€fejt. 

Observation and computation of azimuth, — For examples of 
observations with the repeating theodolite and also with the 
direction theodolite, see Special Publication No. 14, entitled, " De- 
termination of Time, Longitude, Latitude, and Azimuth" (5th 
edition). 

Observatians on the sun for ossimvtK — It is occasionally desir- 
able in recohnoissance fe)r triangulatlon or in magnetic determina- 
tions to have an approximate azimutiL For methods of obtain- 
ing such an azimuth by observations on t^e sun, see Principal 
Facts of the iJarth's Magnetism. 

TJIPOGBAPKT. 

145. Vie of the plane table.^Fall details regarding topographic 
surveys ^ith the plane table will be foundl in A Plane Table 
Manual, Appendix No.. 7, Coast and Geodetic Survey Report for 
1905, which may be obtained bound separately. 

146. Control of topography.— rThe most saiisfactory way of mak- 
ing detailed topographic surveys is to firsft complete and conirate 
a systematic triangulatlon, and plot the points determined <m a 
projection. This will not always be feasible in charting new 
rc^nsr on ac^eoont of .Itw^ time and expense, and the topognu^hy 
will ^ometin^es: have to be e^cecutedat the: sam^.tln^^t ^» thetari* 
angulation^ . < . 

147. Where topography is carried on simultaneously with tri- 
angulatlon and other work, if practicable, tlie triangulatlon will be 
kept sufficiently in advance so that the distances (not necessarily 
the geographic positions) may be computed and plotted onf the 
sheet before filling in the topography. In all cases where this 
will cause too great a delay or is hot practicable from other 
causes, the topographer must check the distances on his sheet by 
the computed distances as soon as they are available, and where 
there are important discrepancies must correct the error by 
examining the portion affected. 

Upon combined operations in Alaska the specifications for the 
standard control of topography in Alaska shall be as follows: 

In general, main-scheme triangulatlon" stations for control of 
hydrographic and topographic work should be distributed' along 
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tbe coast at intervals not greater tban about 5 miiea Tbis tri- 
angnlatton shoald be of the tertiary grade. To suppiement the 
main schemer tntersection fixations of the triai^ulation, or statipns 
located by plane-table triangulation, by tranMt and ti^>e, or transit 
and stadia, diOBld be distrlbiitsd at intervals not greater, tton 
aboBt 2 miles.- In localities where triangulation is iiap:ractica]tile 
traverse with transit and tape may be used for control, provided 
that the aecnracy of the traverse is equal to that of tertiary tri- 
angulation. 

When the details of in^rovements along the water front, su<di, 
as dodcs^ prominent buildings, ete., are to he located, a coutrQl 
point should be esfcablished. at a distance not greater than 50Q 
meters from stuii imptovements. 

Control stations shall be marked and. described in accordance 
with paragraphs 70-4^ All triangulation signals, must. be cut. in 
witii the plane table and .shown on the tc^^^i^ai^c sheets tiiose 
falling off the limits should h^ve -dii^ction. lines drawn on the 
i^beet All traverse lines run must, if practicable, be checked by 
closing circuits, and small errors adjusted; it lai^ge errors appeart 
die lines must be rerun. On a 1-20Q0Q, scale the closing error 
should not exceed B metM» per mile of tnaverse* and an .error of 
half that amount will usually be obtainable, 

Unless otherwise spedtfted, the standard of accuracy for the 
location of cOiore line in Alaska shall be equal to that for the 
Atlantic aiid Pa<Mc coasts of the United StatQs»> 
- The position of any part of the well-defined and permaneiM: shore 
iine shall not lie in error more than IX) meters, where the shore 
line is less than 1,000. meters from a trifmgulation or. other con- 
trol station ; not more than 20 meters for distanoes between liOOO 
and 4^<m meters from such a station; and not moi» than one* 
«Alf of 1 per cent of the distance from a c<»)trol station where the 
distance is gi^ater than 4,000 meters f r<»n such a station. 

The descriptive r^ort for each sheet must jgive the closing 
errors of the travenes run and state how* and:b^ween what points 
UsQ discrepancy was distrlbulBd. If prop^ care is exerei^, it 
will be posi^le to. fit a projection to tbe plane table sheet by the 
triangulation points^ so that there will be little or no error In the 
resulting chart 

148. The magnetic meridian should be drawn on the sheet ?in 
the field tipcm at least one point, by means ^f the decllnatoira l9 
r^^is of large local disturbance, additional determinations of 
the magnetic meridian should be made* 
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In order to utilize ali the available f oroe at the begiimiiig- of a 
season, it may be advantageona to make a i^ane table aarvegr of 
a harbor and HIl in the hydrogn^ihy on- tbim the alf^uOs to be de- 
tenained by tiiangnlation later. 

149. When former triangutetion Jitations are enatehed for and 
not found, or when stations are recovaed which are inaui&cieatly 
marked or described, the deikdaicy in maridnir or deacriptloa 
mast be r^nedied and a report made to O^w existing conditions. 

160. Soale. — ^For all general coast t<%K^raphy in new regiona^ 
unless otherwise speeified^ a scale of vvWv will be used. Laqper 
scales, as Tvimr (and in exceptional cases t^)« are to be naad £ar 
special hart)or surveys where the amount of detail or the im- 
portance of the locality warrants, but smaller scales than niw 
#ill not be used untoMr spedaliy authorized. 

Ifl. Contour latervals tw ordinary coast topography should be 
efther 20, 50, or 100 feet; 40«foot intertalB sliould not be used. 
The choice of intervals should dep^d on the nature* of tlie coun- 
try and the scale of tlie sheet Only one specific interval should 
be used on a single sheet 

IH, CoatourB.— Within the continental limits et the Uoitod 
States, the relief will be indicated by contours. In Alaska and 
the Philippine Islands '^form lines" instead of *« contours" will 
be used for this inirpose, except in the case<if a large scale sufvey. 
The term ** contour ** is generally understood to mea» lines «f 
equal elevation located by a sufficient number of deturmined points 
along its course, so that in open country on slopes of 6^ or leas no 
part of ft (Bftian be out of position more than one-half the horlam- 
tal distance between each successive conliour. 

In AlatiAca this stamlard of accuracy Is not praeticaMe as it is 
llmportont for the benefit of the navigator to Include a husn-apRea 
of rugged country ba(^ from the shore, so that Ms gptnorai oon^ 
figuration will be indicated and the peaks and hilltops Charted to 
serve as landmarks. 

For this purpose the relief will be shown by *^fwm lines,*' the 
sketching of which will be controlled by as many points (refers 
ence points) of determined heights and location as can be secured 
'fh>m the shore as the survey proceeds along the coast 

In general, these reference points, together with ite elevaliotts 
of prominent summits, shall be distributed over the area so that 
there will be at least one reference point for every 4 square incdies 
of field sheet, with such additional elevations as can be obtained 
without unduly delaying the progress of the work. 
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Form Maes deT^o^g the slopes and fitmimitv of points and 
lieadlands which may be of w?^ In determining a Tesser^ posHIon 
from seaward aAKniid closely ai^proxiinate tiie Yalne at contc«rs, as 
they are often used when the immediate sliore Hue lies below the 
observer's horlioii. 

In order that the relative valne of tlie form lines may be known, 
the posftUm and belgbt of each reference point shall be Inked on 
the tfieet. 

153. Interior elevation. — Und(*r the head of triangalatioit, pro- 
vision is made for determining important elevations visible from 
the coast and beyond the limit of the plane table sheet. Informa- 
tion indicating the relation of these elevations to tlw surrounding 
country is of value, especially on small-scale general charts. 
While it is Impossible to obtain correct detailed information with- 
out going ever the country, yet it is suggested that by plotting 
on a small scale (as on a piece of a general chart) the points 
determined, a sketck may be made showing the trend of the 
ridges and the k)w areas as far a» visible. This wiH to some 
extent avoid the false idea which is gjiven of a mouatainous 
country by showing on the chart only detached siunmits. 

154. The plane of reference for elevations is mean sea level and 
must be used unless otherwise instructed. Elevations are to be 
stated in feet. All elevations given either by figures or contours 
should represent the elevation of the ground; when for any 
reason the elevation of the top of trees or vegetation Is given* 
a note to that effect should be added, with an estimate of the 
height above ground In each case. 

155. Elevations may be read from the hypsograph (see Appen- 
dix No. 4, tteport for 1902), or they may be scaled from a graphic 
diagram. They can be obtained by using the •** Table of factors 
for computing differences in elevation " and " Tabre of corrections 
for curvature and refraction,"* pages 338 and 339 of Plane Table 
Manual (also printed separately). 

156. Laying out sheets. — Plane table sheets should, in genial, 
be tafd out to run parallel with the coast to cover as great a length of 
coast Ifhe as convenient, and to include the signals necessary for 
Its control. Sheets containing small detached fragments of topog- 
raphy should be avoided as far as possible; this can sometimes 
be done by placing a subplan on an adjacent sheet. Where the 
topography permits, sheets should preferably ber laid odt with the 
two sides parallel to the meridian. 
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In order to improve the field sheets and field records pertaining 
to topographic and hydrographic surveys, it is directed that when- 
ever draftkig facilities are available for the field partieer, pro- 
jections shall he made in the field, thus obviating the ^rors due 
to the distortion of a projection constructed under cHmatic con- 
ditions which differ materially from that in the field. 

1S7. Table (Hf ftiiMBsiotts of ftandard topographie sheet, 90 inches 
by 52 inches, expressed in nautical and statute miles, for different 
scales : 



floalt. 


Nautical inllfls. 


Statute milfl^. 


Width. 


Length. 


Width. 


Length. 




2.06 
4.11 
8.22 
16.46 
41.12 


3.56 
7.13 
14.25 
28.51 
71.27 


2.37 
4.74 
9.47 
18.94 
47.86 


. 4.10 
8.21 
16.41 
32.83 
82.07 



158. The features to be included in ordinary coast topography 
are the following : 

159. The careful location of average high-water line and the 
low-water line so far as it may be determined or estimated 
without waiting for low tide^ 

160. Hivers and streams for a reasonable distance back from, 
tlie coast, according to their importance ; large streams should be 
surveyed to the limit of the detailed topography, while small and 
unimportant creel^s need be shown only as far as rowboats 
can ascend ; navigable streams should be surveyed to the head 
of tidewater or ship navigation. - . 

161. Off-lying islets, reefs, and rociss, including elevations of all 
prominent rocks and islets. Off-lying reefs should be designated 
as bare, awash, or covered at high or low water, as the case 
may be. . 

162. Towns, settlements, roads, and important trails within a 
reasonable distance of the coast The individual buildings in a 
town must not be shown except those of sufficient prominence 
to be useful as landmarks. When there is no street system and 
it is desired to indicate a settlement a group of small buildings 
can be used as a symbol. 
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165. Objects along the shore either natural or artifidal that 
may be useful in future bydrographic work should be located 
with care and so named or described that they may be idoitifled 
without difficulty. In coastal topography, even where the hydro- 
graphic survey follows closely* it is essential to mark pefmanently 
a sufficient number of points to make it unnecessary to redeter- 
mine them by theodolite or plane tak^e should later hydrograi^c 
work become necessary. On a rugged, rocky coast this is easily 
accomplished by placing patches of cement on the rocks, having 
embedded therein a large nail or other object to make identifica- 
tion more certain. Under other topog^iriiic conditions different 
durable marks paay be used to give to the survey a more permanent 
value. Descriptions of the marks and locations in dimllcate must 
accompany the descriptive report of the sheet on whi^ they are 
located. 

164. The location and elevation of hills or mountains witiiin the 
limits of the sheet, ^o far as may be obtained from the vicinity 
of the coast. 

160. The nature of the coast line and of the low-water line, as 
sand, coral rock, mangrove^ etx*.* must be indicated by sjmbolB, and 
the general ve^tation along the shore most- he shown. 

166. Features uot fully surveyed, as the fast land back of the 
mangroves and large areas of swamp land, also the extension ot 
a stream beyond the limits actually run, may be indicated by 
broken line or aiq;kn)^riate mote. 

167. Use of sextant and theodolite in topography^-^While the 
plane table is the most valuable instrument for topography, the 
surveyor should not i^egard himself as restri^ited to its use. 
Where located signals are in i^ght and the shore is lined with 
swamp or mangrove, and in other situations prasenting no soltahle 
locations for the table, the sextant may be used to- advantage in 
fiUing in topography by locating each principal feature by two or 
preferably three sextant angles, with additional angles to tangents^ 
of points and other objects. A continuous sketeh should be made 
in a sketchbook, with the nni^ written om^osite-the corresponding 
points on tl^e sketch. Cases may also arise where the topography 
may be obtained advantageously with a theodolite tl'averse line 
(the transit and stadia or chain mettiod). 

A rapid and sufficiently aecurate nkethod atf mapping rivers 
whidh are comparatively unimportant yet navigable by small boats 
is by a modi^cation of the stadia method, in which the distance 
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iea€liiigi» are mftde €» a stadia rod by a plane-table alidade, sup- 
ported ott a Inmtd lurll^ es top of a po^ tlirttst into tbe rirer 
hetnarn *t the «Me of the boat, tlie angles bein^ measured by a 
sextant. 

IMp Whett aner of IlieMf ateixlliary methods are iised the work 
shooldfoe' plotted and ecMabteed by tbe topografiber and added to 
tbe gfMenil topognqsliie tdieet, and the descrfptfte report shotild 
state \^at portkoa aie so aur^eyied. 

lit* Staila et«#rf;*«-'I1ie scmree of t))e largest syM:ematle err^rrs 
ia stadia meaaanemeiils lies i» the cMleveDt refraectve power of 
tlie air strata at tbe betton etf^thc rod as eompaned to those at the 
t»tk AM fttsOlkB seadlDKs wHbUi 1 meter of the gromd rfieuld be 
afvMed, eiqpeelaUy In bot ciMales, as reaMigs above this limit 
are piaietically free frant error. When necesBftfy to use tbe ftill 
length of the stadia rod, attach an extension piece without any 
gnicMatloii. 

19t. StaAa rods s fc ttald be* cat«fii% tested before beghmfng a 
season's work, even though it is practically certain that they were 
ased wltk tbe same alidade and dfapbragm on the prey io w s season, 
or baf« 00noe direct fftoin tfte WaiMagtoo sfBee. 

171. ApproxiMatr leeirtl«iSw--If trwn any trlarvgtrlation or plane- 
talde fftatiea breakers or ^tber fndlcatiens of o4f-lyfRg dasgerv not 
gievli w w iy locate are noticed, dlrectfcms sbovld at ottce be deter- 
mined, and alse^ If praettcable, rertical angf^. From tbe latter 
and the elevation of the instrument apprwcfmate distances may be 
eotnpoted, wtal€it wtM Mi In identtfyfng tbe objects frtmi other sta- 
tions. Another nethod quite asefail In rapidly getting anE'tiMtl- 
niate kwatlona of ol^^ects so as t# iiermltor their fnrtnre identtflea- 
tlon is to take evts on tlm^n fmwi a plane-table station and then 
freas another statloii neavby. Of eovrse socb toeatloos are to be 
confirmed hj ^ood ftBaeraectloB^fnim other points. 

17t. BeTMan.r«-In ferlskm of tbe shore Hne and adjacent areas 
wbere ehan^es of momtnt have oeenrtt^ ft Is ntov« eeonofnfeal 
to make an entirely new ooHlne surt^y rather thnn t6 seibet 
pJlACcs ifhere changes are thought probable and then to worlr each 
way from sneh spots to Jimetioos with unchanged porttons of 
the coast. Thia appttes prfnctpatly to^ stretdies of coftst where 
Intermediate triangulatioa posits are* Aicirlng. 

When tt is not deemed advisable to make an ewtirefy new outHfie 
smrvey, bromide copies of th« erighial fopogmfAfe sheet wfR be 
fnmMied. From the bronifde copy the cMef of party ^vill transfer 
in pencil to a plane-table sheet the data covering the area to be 
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revised. This will pcFmit era^lDg wlrere objects shbwn on ^e 
bromide no longer exist or when chang^es have occurred stD<»© 
the original survey. The new topography will then be Inked and' 
tlie sheet forwarded to the office in the usnal ftirm of a completed' 
topogi'aphic sheet 

178. In the revision the following featnivs heretofore shown on 
the original sheets and the ehartB are not deemed of importance' 
to navigable© and will he disregarded, viz: 
' Individual buiidiligs. 

{Exceptions: Those of large size close to water front or a 
deta^h^l gr^up of small ones along shore which wouM serve 
as a lo&dmarfe; idso individual buildings back fivnn the water 
fr»nt whieh ^e conspicuous and will serve as ttavlgational' 
aids, such as ^urch spires, factory chimneys, WAter towers^ 
ete^ and the principal bulMlng of thi& )ife-s«vlng stations. 
These navigational aids and lifeHsaving stations should be- 
well determined and listed In the deser^lve report. ) 
Woods. 

(Brcepti^m:. Where they will be of navigational impor- 
t4mce< sutCh as A d>niH)lcuous cluii^^ of trees ot where thagroiwtk 
along shore ts an exceptional and distinguishing feature.) 
Minor ioads« 

{Eweej^timie: Tiiose leading up from the water. 
All fences. 

In tlie case of the water front of cities and large towns the 
deimils of the wharf line and adjoining streets should be carefully 
located imd drawn, using all available accurate information. 
Back ol this the street system will be compiled in the ollce 
from local maps obtained by the field party. Sttch maps should 
have sufficient points and an axlmuth id common with the plane^ 
table i^eet to Insure location and orientatioiK In general, the 
iiK3luslon of three streets back frc«n the water will be suffleient 
for the chart. 

174. Flans of towns and local maps, if tftsdlable, should be 
obtained. These must be Inspected In the field and marked fo 
distinguish between details that exist and thos^e that are pi^o^ 
Jected only. Hiey will be used in the office for fflllng In details, 
especially of towns, but not for the positions of important objects 
which must be determined by the topographer. Copies of maps 
of value obtained should be forwarded to the office with the 
topographic sheet. 

17ir. JSymbols and lettering.— T^k* standard topographic symlKjla 
are to be Mlowed. 
13027**— 21 6 
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176^ The blgb-water line^ being one of tiie most important fea- 
tureB on the sheet, should be drawn with sufficient strength to 
make it cleariy dJtstftnguishable. The use of a full line for dining 
the limits of vegetation outside of the high-water line or the limits 
between marsh and fast land should be avoided* 

177. Time need not be taken for the elaborate covering of a 
sh^t with topographic vegetation symbols, but limits may be 
shown with words in the cent^ to show the area covered. Words 
may be used to indicate vegetation features for which there is no 
8i>ecial symbol. 

178. The field topogn^^c sheet is a survey record; it sliould 
show all useful informatloii plainly, neatly* and correctly* but 
lime that can be more usefully employed should uot be esqp&kded 
in endeavoring to make it a handsome drawing. 

170. Valuable infonoation, useful notes, etc, should not be 
omitted for fear of marring the appearance of the sheet; nor 
should the topographs hei^tate to place the necessary informa- 
tion on the sheet because he is not expert at lettering. 

180. In lettering topographic and hydrographic 8he^a> names 
api^ing to the land should be in vertical letters^ the names 
applying to the water, including obieets <x>vea:ed at high water, 
should be in slanting letters. All geographic names are to be in 
black ink, and names scdely f^r surveying use, as of signals and 
stations, are to be in red ink. 

181. Oare must be taken not to confuse the lormbols for sunken 
rods (a simile cross), rocks awash (three Hues crosning), and 
rocks iabove hi^ tide < heavy dot or shape), l^rief notes are 
desirable clearly indicating the nature of important reefs and 
rocks, as ''awash at low water," ''awash at high water," "coral 
lieads bare at low water,*!/' breakeris at low water," etc. 

188. The following resmrks api^y particulacly to Philippine 
topographic sheets. The coeoanut palm being usually a distinctive 
feature on the coast, should be shown by the sp^ial symboL 
Mangrove growing in the water should be limited by a very light 
line to preserve the detail and correct position, and yet to repre- 
sent it differently from the strong black line used for the high- 
"WAter line. Sometimes where there is mangrove the solid shore 
may not be seen, and it may not be practicable to locate it. Its 
ai^rpxlmate position should be shown by broken lines sketched 
on tl^ sheet. The ordinary coral-reef symbol should be used 
only to represent the limit of reefs bare or awash at low water, 
and should. not be used to represent reefs covered to some d^th 
at low tide. When not developed by the soundings the limits of 
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submerged reefs should be indicated by the sunken-rock symbol. 
Bice paddies may be represented conventionally by small irregular 
quadrilaterals bounded by slightly irregular lines* and a little 
grassing. 

Its. Inking of tkeeto shoiHd be done by the topographer him- 
self or by a member of the party under his supervision, and as 
soon as practicable after the field work is completed on each 
sheet. Intervals of delay in field operations may be utilized 
advantageously for this purpose. The inking of a sheet can not 
be considered as finished until all essential notes and names are 
inked. 

1S4. Accnrtcy, neatness, and clearness are necessary in inking' 
slieets ; beyond this fine drafting is not essential. 

189. When for any reason an uninked sheet is transmitted to 
tiie office, the greatest care must be exercised by the chief of 
party tlmt every feature, fact, and name is clearly and distinctly 
shown. The topographer must also make it a point to see and 
verify the sheet at some time after it is inked, examining every 
detail. 

189. It is particularly important in such case that small de- 
tached rocks along the shore, and other features that might be 
mistaken for accidental markings, should be made clear, and in 
geneml such objects should be inked by the topographer. 

187. The elevations of summits should be distinctly marked on 
the slieet, and care must be taken that they are not rubbed or 
lost before inking. Red ink is to be used for numerical elevations. 

188. Triangulation stations should be marked by small black 
circles inclosed in red triangles, with names in red ink, but Ih no 
case should this symbol be permitted to obscure «n essential topo- 
graphic feature; for instance, in case of an oftghore rock or Islet 
used as a triangulation station, the rock or islet should not be 
obscured by the station symbol, but the latter may be omitted if 
necessary and an explanatory note may be added as to the station. 

189. Plane-table iwsitions should be marked on the sheet with 
small red circles when the positions are recovenible and likely to 
be of future value ; otherwise such x>ositions should not be iiiked. 

190. Titles should not be inked on original sheets in the field, 
but should be furnished on Form 537a and pinned to the shett. 
The information must Include general locality, special locality, 
names of chief or party and of ofiicers making survey, dace 
(months and year), and scale, together with a list of all data 
forwarded with the sheet. In the Philippines the stamped title 
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form should be dUed in w ith ink on the sheet, or on a slip piimed 
to the sheet. 

191. In preparing and inking original sheets, north siiall be 
taken as the top, and titles, names, numbers, and symbols . shall 
be pat on normal to the Baneridian regardless d the direction of 
the borders o£ the sheet, except where it i& desirable tiiat names 
be lett^ed to confoimi to geographic features. In such cases the 
names shall be Inked so as to be read, when looking nortii. Names 
should by their direction and proximity clearly indicate the object 
designated. 

198. Photographs or tracings of sheets. — When there is reason 
to believe that tlie mode of forwarding a sheet h» not secure, it 
should, if practicable, be plK>tographed» or if piiotographic facili- 
ties are not available, an outline tracing of the more impoftstnt 
features of the original slieet may be made. Otherwise, no trae^ 
Ing of an original sheet should be made la the field. Bromide en-. 
largements from photographs of sheets should not be made except 
at Washington, unless specially ordered. 

198. When sheets are photographed the plates must be pre- 
served until the slieets have been received at the oflice. Prints 
should not be made unless the sheets are lost. 

194.. List of plane-table positions. — ^Before, tmnsmittlng topo- 
graphic sheets to the oihce^ cliiefs oif. parties will pr^Mprc a IJBt 
of the prominent objects on the sheets that have been detern^aed 
by the planetable, namely, spires, chimneys, cupolas, flaestaffs, 
treeSi etc., and such natural objects as sharp, well^deitned moua^ 
ti^in peaks, rock cliffs, a«nd other objects that might be reeovfved 
and utiU2aed,> and. particularly sikIi objects as will be useful in 
hydrographic work ; and indicate tlie position of each object listed 
by sealing the D. M. and t>. P. from the sheet in the fallowing 
fqrm, giving the height, if determined : 

PUine-tabIc poaiiions. 



Ob^t and description. 



CjapolB, Harrison's house. . 
Cupola, Blaokwell's bam. . 

Clilnxiiey, square bouse, 

Smith's. 
North chimney, Rodger's 

house. 
Epbcopal Church spire.:...' 42 26 



Murray Mountain 42 27 



Latitude. 


D.M. 


Longi- 
tude. 


D.P. 


Height. 


42' 21 
42 V 


Meter.9. 
845 


72 40 
. 72 39 


508 
724 


JFect, 
148 
138 


42 U 


632 


72 87 


385 


157 


43 26 


981 


72 38 


1,023 


125 


42 25 


63 


72 40 


875 


'' 260 


42 27 


426 


72 46 


125 


3,266 



Remarks. 



Top. 
Weather 

vane. 
Top. 

Top. 

T op of 

cross. 
The north 

peak. 
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' 196. This list should be attached to the descrtptlve i^sort. The 
exact position of the objects referred to should, of course, be 
distiDctly indicated on the cAieet. Where space permits, the 
i»ore tnq[K>rtant objects, and especially those landmarks which 
should appear on the chart, should be named directly on the 
sheet itself, either close to the object or by reference letter and 
Tiete elsewhere on the sheet. Brief legends deccrfptlTe of impor- 
tmnt lan^hharks may a4s«, where practicable, be conveniently placed 
M tlie sheet 

196^ Lasdmarks f*r ohartt.-*~A list of the objects which are of 
sttfiiciait prmnihence f6r use on tke charts. must be furnished. 
Ilie seleetien, detenatiiatlon, and ^description of these points is 
of primaiy importance. When placed upon the published charts 
w£l^ brief descriptive legimds tliey are little less than indis^ 
pemsaNie for-^ 

(a) Alon^hore navigation, especially at difficult entrances or 
those subject to frequent and considerable dianges ; 

(&> The original location and determination of eid» to naviga- 
tion and subsequent verification of their positions ; 

(e> Rydrographic examination of features subject to change, 
to s^rve as the base for more complete survey?*, such as entrance 
ai^xroaches, bars, and channels. Also the verification of reported 
shoals or other features incorrectly or incompletely charted. 

IWT. In r^fnquishing charge of a topograpiilc sheet, the chief 
of party will inspect and approve each sheet before it is trans- 
ferred to the Office or to another chief of party for completlorr. 
When circumstanees are such that a depaTttii-e from thi^ rule is 
unavoidable or wheni any part of the provisions of the instiiictions 
for completing tliese sheets are omittetl, an explanation shall be 
fOTWftrded promptly to the office for approval; a full elcplahation 
of the circumstances must alsd be entei'ed in the descriptive report 
accoihpanying each sheet. 

HTDKO0RAPHY. 

198. Data to start survey. — When the information is available 
ftrom previous work, and the locality of the work and c(»idftions 
are such as to require it, the following will be furnished with the 
instmctions from the office, and the chief of party should at once 
examine the infornxition to see that it is complete and understood : 
I^x)je£tions on wliieh have been plotted triangulatlon pointii^ 
sbore line» and all objects or features located by plane table or 
otherwise which may be useful in the hydrography; list of geo* 
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graphic positions; descriptions of stations; tidal plane of refa> 
ence; description and I'elatioo of tidal bench marks; copies of 
previous cliarts or surveys ; information as to dangers reported or 
oti^r special features to be examined» and, in the case of continu- 
ous surveys along the coast in a new r^ion, a copy of the 
progress sketch of the previous season. 

In regions where survey work has not previously been done the 
triungulation may have to be accomplished and the tide plane 
determined by the party charged with the hydrography, and the 
pnijection will then be made In the field. In some cases it may 
be desirable to carry on the hydrography simultaneously with the 
triungulation or topography in order to save time or utilise the 
services of all of the party at the beginning of a season. In such 
cases preliminary locations of the signals should be plotted graph- 
ically on the boat sheet, but all the work must be planned with 
tlie view of ultimate control by the trlangulatUm, and the more 
important stations should be carefully marked. 

198. The lists of geographic positions and descriptions of sta- 
tions furnished to field parties must be returned to the office vipon 
the completion of the work. When former stations a^ recovered 
that are found to be insufficiently marked or described, or the 
marks partially effaced, or the witness marks gone, the defects 
should be remedied and an amended description forwarded (see 
pars. 84-06). Stations should not be reported as lost unless an 
exhaustive search has been made. When building signals over 
stations care should be taken not to disturb the station marks. 
u 200. Shore line. — When there is reason to suiqpose that the shore 
line has changed materially since the previous survey the im- 
portant features should, if practicable, be located in connecticm 
with the hydrography, either with the plane table or by deter- 
mining prmninent points by sextant angles (preferably three at 
each point) and sketching in the intermediate shore line. Shcwe 
line so located should be drawn in broken line The same course 
should be followed when tlie hydrography precedes the topography 
and it is impracticable at the time to obtain the complete topo- 
graphic information desirable. 

201. Scale. — Unless otherwise directed, inshore hydrography 
should be plotted on scale not less than nr^, and must be done 
in sufficient detail to fully develop recommended sailing lines, ap- 
proaches, channels, and anchorage areas and remove doubt aa to 
dangers. Anchorages, harbors, and channels may sometimes re- 
quire scales of y^^ or even r^- Offshore hydrography may usu- 
ally be plotted conveniently and economically on smaller scales^ 
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w Tiriinr* iviwi nrlvrv ®r iWimy- Where there are no dangers or 
details either of the last two may be sufficient for charting pur- 
poses. 

20S. location of gignalt. — It is desirable that in advance of the 
hydrograj^c development a reconnoissance be made, the best loca- 
tions for signals chosen, and the whole work systematically 
planned. 

308. If the hydoographic work is to be based on triangulation . 
and topographic points previously determined, these should be first 
recovered, as far as practicable, and if necessary additional points 
located from them. 

. 2M. For triangulation methods, instruments, and records which 
should be used for the extension of the triangulation beyond the 
limits already executed and to supply the place of points lost, 
see paragraphs 12-111. The sextant should not be used for this 
purpose nor for the location of important hydrographic signals 
or of permanent objects, such as lighthouses, beacons, buildings, 
and other useful landmarks. 

906. What in the course of the hydrographic work it is desir- 
able to locate new signals by sextant, three angles should be taken, 
if iH-acticahle. 

1MI6. In some cases it may be necessary to locate a subordinate- 
signal or object by angles from several positions of the boat, the 
latter determined from other signals. Where recotirse to this de- 
vice is necessary at least three positions should be used as a check. 

207. The officer in charge should make sure while yet on the 
ground that the position of every signal or object used in t3ie 
hydrography is determined with sufficient accuracy for the scale 
of the projection, and this must be tested by actually plotting or 
computing in the field. 

208. Oreat care must be taken that ample information for the 
correct plotting of every hydrographic signal accompanies the 
record. A list of such as depend on plane-table locations and n 
list of such as depend on sextant angles should be given in the 
•• Description of stations " and in the " Descriptive report." 

200. In connection with the triangulation and plane-table work 
along the coast in a new region special attention must be given to 
determining suitable objects for hydrographic work, each of which 
should be described and marked when necessary, so as to be avail- 
able for future use. (See paragraphs 73-75 and 194-196.) 

210. A signal erected exactly over an old station should bear 
the name of that station. If for any reason n sianal is located 
near, but not exactly at a previous station, it must have a dis- 
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tingiiishing name, or may be gireu the old &ame feUewed by " Ko. 
2 " or the year. 

211. Hames of signals. — For convenience short words of not 
more than three or four letters shonld be used fbr names of 
hydrogcaphlc algnala. Avoid using in the same looaklty two 
names that resemble eaeh other in sonnd. 

212. List of permanent positions determined. — ^Before trhnsmit- 
ting hydrograpfalc records or sheets to the office chie£^ of parties 
will prepare a list of prominest objects or pai^tioBs of a perma* 
nent character that may be useful in future work that htove been 
determined in connection with the hydrographlc work. Indicate 
the position of each object listed by sealing the D. M. and D. P. 
ftom the sheet, in the form given under '* Plaae^talile positions ^* 
(paragraph 194). This list should be attadied to the ^Descrip- 
tive r^wrt." 

213. Character of signals. — It will materially facilitate hydro- 
graphic work to have a sufficient number of conspienous signals 
which may be readily picked up by the sesttaat obaervera BVn* 
convenience as weU as economy natural objects^ sucii as bowldca^. 
cliffiS) and lone trees, and attificial objects, such as towersy flag- 
staffs, lighthouses, gables of buildings, etc., should be uaed as sig- 
nals when available; It Is considered that tlte snccess of a party 
engaged on offfiUiore hydrography depends huegely on- tbe type of 
tail s^al BXkd signal bUKV allowing of the longest range of viai- 
bllity; Specifications for the tall type signal and difiOerent classes 
of signal buoys may be had npob application. 

,214. A good form of hydrograpfalc signalia a tripod with i^ats 
across two of its sides, or a pole with foasbu^s of doUi stretched be^ 
tween ohmss i^eees so that the bannecs wifl show in dUfetent direc- 
tions. Driftwood, small trees, and other ma*ttial on the ground 
and in the Tropics bamboo poles fastened with wire* or rattan, 
may be used economically. Signals near each other or similarly 
situated should be varied in form or oolor to a\'oid llkeHihood of 
confusion. The directions from rrbich they will be viewed should, 
of course, be coni^dered in building sisals. Natural as well as 
artificial objects may readily be made com^icuoiis by whlteWatti. 
Against a dark background white signals show best ; against the 
s^y black is preferable. For general use white i^ the better color. 
avcL cloth tbe better material, other conditloiis beinj? equaL 

215. A tripod, made of lengths of iron pipe, wired ' together 
through crosses at the top, makes a simple signal that will stand 
in a moderate depth of water, and if wrapped with cloth and 
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with flags S9t in Iw xaay be ss^bl at a Wng distance. Ifi asyofied 
Mt<iatk>n$( ki tbe water fimeh al^aals may be Jiaade laoxe secure by 
#«iaipt&ag the iega into tbe bottom by xueafts of a wateir jet; lOBg 
poles and saplings liave also in this maoaer been pamp^ iVL on 
•ocean bars and bave withstood starts. 

aiA iBd^nite objects* aujcb as tops o£ round bills aj;id c^nt^p^ 
ot islands, should never be «sad lor -critical, or insbi:re hydrog- 
raphy, but for oi&hore hydrogracAor it Is sometime necessary 
to use tbe sumo^ts of mountains wh)^ have been delermia^ by 
triangulation ; of course, for this purEMMl(^, deteite aod oonipiciEioufi 
poiBts are to be seliected as far as practicable 

ai7. When soundteg from boats, it may so»et4mes be desirable 
to use tbe iorema«rt of the ^isesselasa aignai; in sucii case the vessel 
should be anchored ivith a short scope, and her position deterxained 
whenever therer isaay diangev due to change in the direction of the 
wind or tMal cuBrent. .The aa^leB deterininiBg the positions and 
the th»e Ihejr were takea must be noted^ and this ln£ormatimi 
shOQld also foe put in iiMd record book of. the soimdlng paity, 

3Ua. Blaa of develoimeii*.— The pteai of deveiopment ^lould he 
carefWy eoosidered in advaooe,, so sa to coy^ properly tte'whol^ 
adrea, witli statable allqwa^ce £or the relative importance a£ th^ 
cUtlefieat. parts; the elos^iew qt devel£i>me&t shouhl vaxy* fr<Hn a 
ttuaiRfcmim in channels, and •anchorages having def^h near the 
^raffc of the vessels to be aocofl^nodated to a minimum on eztoa- 
^ve flats of much less d^Hh and in clear areas ^t mueh greater 
depth. Casefol attention must alee be given to the development 
of shaUow channels aad wafers that are UheJiy to be used by lighit- 
draft vessels, such as motor boats; The aoundings wo^ the ehart 
in addition to indicating = to. the majrlqer dflfigerst channeUi^ aod 
andiiorages, also, enable him. by casts of the lead to recognize, his 
pdsltioB, aBd tlribs.reqaivev a* development of the. materiel and 
relief of the hethHn wiOiin. the limits of ordinary sounding depths. 

M84 M woridii^ on the gnaecal soale along, a coast in new re- 
•gionsy closer dev^k]|>ment «Ao«ld be ntade of ail parte where ves- 
sels are likely to be compelled to approach land,, as in possible 
anchorages or oflT j^romontorles, even though present conditioiis do 
. net warrant is&ec\Bl lan^e^cale sorv^s. The lines should also be 
cdoser off projecting points of land or reefs. In regions where con- 
thBtnal changes are goihg on the development neiad not be so de- 
tailed as. hi regions 'Where changes do not talce placew 

820. The tCH-der of the development of the hydrography shoukl 
depend on an economical management of the iparty. Mueh val- 
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uable time may be lost in aending boats to eMNmd a long distance 
from the leAiip or headquarters, and whenever circumstances per- 
mit the anehorage or the shore quarters should be shifted to keep 
near the working ground. 

221. Systems of sounding lines. — Systems of parallel lines cover 
an area most evenly and economicaily, and zigzag lines, except as 
provided tor to suiK>lement wire^rag work* should, in general, 
not be used. The development should usually be by straight lines 
perpendicular to the general trend of the coast, though the direc- 
tion will depend 8<»newhat on currents, wind, and vessel. 

Whea there is a strong irregular curroit in a thoroughfare or 
river, lines run normal to the channel, owii^ to the nonuniform 
progress of the boat over the bottom, will not alford r^able means 
for jotting soundings unless position angles are observed fre- 
quently. Under such ciicumstances the greater part of Oie de- 
velopment should be made by lines run with or against the cur- 
rent For a certain mileage of sounding lines, a system €< close 
parallel lines will develop a given area more thoroaghly than 
If the same mileage was laid out in two systans» at right angles, 
of wider-spaoed lines. However, cross lines furnish a valuable 
check on the accuracy of the work, and it is therefore recom- 
mended that fbr inshore hydrography the first system of parallel 
lines be crossed by lines approximately perpendicular and qraiced 
several times as far apart as the first system. Outside of the 
10-ftithom curve, such cross lines will be run as will insure that no 
important changes of d^th remain undeveloped. When, however, 
a system of lines extends seaward for a considerable distance be- 
yond where it can be checked by observations on fixed objects, a 
few cross lines should be run to enable the draftsman to detect 
gross errors. In many localities the submarine relief Is char- 
acterized by a succession of more or less continuous ridges which 
trend in a common direction,, such as the submerged gladated 
areas in Maine and Alaska, the f ringiag coral reefs of the Florida 
P^insula, and the common sand waves and banks of rivers and 
coastal waters. 

Where such areas are surv^ed and developed by means of the 
hand lead, the trend of the ridges should be ascertained by means 
of a general system of lines and final development con^leted with 
lines run at an angle with the direction of the axes of the ridges. 
Lines making a more or less acute angle with the axis of the 
feature are necessary also in the dev^opment of steep slopes, nar- 
row channels, and crests of bars. 
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29SL Tbe flpactng of lines will have to depend largely on the 
character and r^ef of the bottom and the Importance of the re- 
gion. In sen^rai coast work with flat and sandy bottom and 
witfaont indicatimi of danger, in^^hore lines may be spaced 200 to 
400 meters apart, bnt this interval should be diminished for steep 
slopes, bjrpken, uneven, or rocky bottom such as are found in the 
Philippines and Alaska. In important anchorages and channels 
lines as close as 50 meters may be required. Between the 10 and 
100 fathom curves about four, or even less, lines to the mile should 
be sufficient in regions like the South Atlantic and Gulf coasts 
where there are no indications of dangers. In general the mini- 
mum requirements will be included in the instructions, and the 
chief of party should not hesitate to increase the number of lines 
for the development of the area, as the survey may require, r^ 
porting the necessary change of details to the office. All areas 
with d^ths up to 100 fathoms, including detached lumps outside 
the 100-fathom curve, should be developed sufficiently for the pur- 
poses of navigation. On an abrupt coast, outside of the IjOO- 
fathom curve, lines from 5 to 10 miles apart should be run off- 
shore at least to the limits of visibility of the mountain peaks, 
or the 1,000-fathom curve. 

22S, For the sake of economy care must be taken not to extend 
the close inshore system of development into open and deep areas 
where it is unnecessary, as a serious loss of time and energy may 
result. The system of lines must be varied to suit the conditions. 
Ordinarily the close inshore work will be done with launch or 
boat, and the more open offshore work with ship, the latter system 
slightly overlapping the limit of the former. 

894. Sounding interval. — The interval between soundings should 
depend on the nature of the bottom and the depth of the water. In 
depths of critical importance to navigation it should be made as 
short as Is consistent with good work, and it should always be 
less than the interval between lines. Generally in moderate 
depths of water more soundings will be taken than can be plotted 
on the sheet 

225. Time interval. — ^The time interval should usually be uni- 
form, the recorder indicating the time by the order ** sound " to 
the leadsman. For very irregular bottom the time soundings 
should be abandoned and the leadsman should sound as rapidly 
as possible. Under normal conditions and with a single leads- 
man the following time int^rals have been found to meet the 
requirements: 
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D^ptlis unOer 2 fathoma^j^^-.. .^^ IS-aecond Interval. 

Deptbs from 2 to 4 fatJboms ^ >^^- aD^^Becond laterval. 

Depths from 4 to 7 fathoius »-.- 3<^8eo»d intermi. 

D^jths from 7 to 10 Mtboms^ ^^ ^ (^second interval. 

l)€!Ptlitf froui 10 to 15 fathoms^ .. ^ l^mlnule interval. 

226. "Si^tiiidingr ^peed.— The speeil of the boat should be varied as 
may be necessary for efficient and economical work. It may be 
increased in very shoal water when soundings can be made 
rapidly, and ateo in deeper open water where a close interval is 
tmnecesgar5\ Btit it should never be so great as to interfere with 
getting correct soundings. It is impossible to obtain up-and-down 
casts when the vessel is funning at high speed. About 5 knots 
should be considered as the maximum speed through the water 
for sounding With a hand lead xmder favorable conditions. 

227. Precautions In case of danger Indications. — When the bot- 
tom is rocky, or when detached rocks are known or suspected to 
exist, the precautions in sounding should be much increased. 

228. In air cases of shofrls, suspicious soundings, and Indications 
of dangers, whatever additional work Is necessary to develop the 
bottom thoroughly and to dietermine the least depth of water must 
be done regardless of any prearranged system of lines. It must 
not be assumed that the regular lines of soundings show the least 
iaepth. A sounding showing even very little less than the average 
deptli should be regarded as the indicatioi\ of a possible shoal, 
much more so when two such shoaler soundings are found on con- 
tigitous Itnes, and In such case very careful investigation sliould 
be made of the vicinity to obtain the least depth. * 

229. Depth cnrves.— ^A valuable test of the completeness of the 
tiata from a hydrographic survey is to draw tlie cun^es for all 
depths. The data tire adequate when no doubt exists of the 
location of any portfon of a curve. 

280. Additional development.— All cIianneTs, sailing llneSj and 
an choraiites* should be sounded. thoroughly and dragged if neces- 
sary ; additional lines in the direction of the axis of the channel 
or of the sailing lines should be run if they are not parallel with 
Vho system of sounding lines adopted for tlie general development. 
bailing tines should not be recommended without actual test by 
running lines of soundings over them. 

231. Ranges for rnnrilri^ lines. — Sounding lines are ordinarily 
run on compass course??. Kanges of jiatural objects on shore 
should be picked up when pnicticable and will be especially use- 
ful when there is any wind or current. Usually, however, it will 
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not b6 -desirable U> delay the -work tosdect ranges or toe tbe por^ 
pose of getting tlie botvt in tl»& exact ^po«ltioB to start a pxopoBed 
Hiie» and this mitst not l)e done AialesstiMreis special reason J[ir it. 
When ess^tlal to srtect a ranee^ the. angle hettveea some signal 
and the line proposed to be run may be taken off the sheet Cvi^h 
a protractor, and with the sestant set toithis engie search, made 
piT suitable oiKlects^ ashore in the direction' of ISko Mne. 

23d. Bimniiig llnvi. by oaapatt.-'iA. proposed sgrst^n of parallel 
lines i^E>ft€e<i as directed f^iUd be laiil out in pencil on the. boat 
sheet. In following a: course ^sdioated by a pencil line,' when a 
po«ltlon plots olt to onec- side, .position angles, should be taJosn at 
the- moment of ehanglii^^coanBe. Ne time, sboolil be wasted^ how- 
ever, in attempting to follow 'dosely the p^idl lines on the boat 
sheet. ■ . . - -. •..'«. ... • ■ :' 

- 2S8. In close development with pandleL Unes^ ^oimdiiigs shoidd 
not be. taken belwoen the fast posfttiott on one Une and tbe first 
position oa the next ttne. 

2^ In eases of eii>0sed shoals with l^reaken it may be ini* 
practicable to do more than nm a line just outside of the bi!eak0r9 
and to note the distance of the sounding boat off the bi^eakers at 
numerous points. 

235. Special derelafnent of reef s» shoals, bars, and. cdumnal&Tr^ 
In snnneying a reef with, a stogie high point. or sorMoe a h\ic*y is 
genfixally idaced on the highest point aaid radial lines rtmfrom 
this r but tills may ^ye an imperfect idea of the sliape of the re^, aA 
tkM& lines divet^e- rapidly^ from each otbei^. New Ihies should be 
ifitrodueed, therefore^ between the first rodiul linc^ as they recede 
flAMn the buoy, or {nr^eraUy the area in fuestion i^oold tie deveti- 
oped by a system of elose parallel Unes and <£roBs lines; On shoals 
or rocks that ar^ btfre* at some stage of the tide the depth should 
M obtained if praotieabde. 

' SMl If the^ 'mef has more than one^ hi#i point, several buoys 
placed 'UfKSi them will give the means of lajring out upoi>. a &Mt 
gram and of executing by sounding a regular plan of wtirk ^Wcteii 
will j^ow the peculiarities of the rcef^ inereastng tliQ BOUuQIhgs 
where the slopes are steiep or th& trregutorit^cs great; It is very 
doeirable to Visit rocks and isboials at estroBoe low watra*, when 
an examination, may thcfw hxnw near the surface any portijcm ap*^ 
proaehes. ' . . 

tt7. In the development of areas reiiioti^ from shore signals, 
water signals (or btto^'s'with signal siiperstructures) n^ust be 
established so that details may be studied in their d:rue reiattve 
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position and results made ecmclusive ; these wator signals moat be 
connected with the rauote shore sigaals. <See par. 275.) 

238. In harbors lines sbeuld be run to tiie outer faoe of qnays 
and wharves to sbcnr that water can be taken to thesn. 

8S9. When convenioit, shoals and flats bare at low water may 
be sounded oyer at or near high water. When reduced for tide 
these soundings will show the height above the plane of refer^icei 
These heights will be plotted on the sheet as '' minus soundings," 
that is, the heights in figures will be plotted with the minus sign 
before each. In general, whenever a sounding is less than the 
amount of the tide reduction at Uie same moment, the diflerenoe 
should be plotted as a minas sounding. All minus soundings are, 
of course, to be included within the low-wat^ line. 

240. Locating reefs In heavy weather. — On a field of work ex- 
posed to the sea, reefls and shoals may be discovered^ located* or 
verified during heavy weath^ by occupying two or more stations, 
and with an instrumait cutting in the breakers, or by cutting 
them in from a vesseL The depths can be ascertained during fair 
weather. 

241. When the survey of a shoal or rock is finished, care must 
be taken to note upon the spot all useful ranges, bearings, and 
marks which lead over it or close to it on every side. 

242. Examination for adequate developoieat.*— The development 
of channels having moderate depths in the fairway, and that of 
bars, if there are any, which obstruct the fairway, is of the ut- 
most importance and should receive the close personal attention 
of the chief of party. After the lines are plotted and the curves 
drawn in he should carefully trace out each channel and as8Ui« 
himself that no soundings are wanting to show exactly how much 
water can be carried throughaut its whole ^ctent, and extra lines 
should be run where there is the least room for doubt. Should he 
find indications of a bar, a further examination must be made to 
develop its form and extent and to make sure of having found the 
least depths upon it. 

24S. Dragging for dangers should be resorted to in cases of im- 
portant channels and anchorages where obstructions have been re- 
ported and not found or where the nature of the bottom and sur- 
roundings indicates a likelihood of dangers which might be missed 
in the ordinary sounding lines. Even in the closest development 
with the sounding lead pinnacle rocks may be missed, and a 
thorou^ sweeping of a doubtful area is necessary to prove that 
It is dear. Experience indicates that tliis precaution is well war- 
ranted In Important areas. 
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Tbe wire drag is tbe only sure and effective means for this 
purpose. It is described in the Coast and Geodetic Surv^ Special 
Publication No. 66, with general directions for its use. 

In plotting a large area of drag work the method described in 
Special Publication No. 56 should be followed. For small areas 
the positions may be plotted on the regular hydrographlc sheet, 
but the connecting lines should not be drawn, as this will inter- 
fere with tlie legibility of the soundings when plotted. A piece of 
velhim should be used to show the details. 

A drag made of pipe and intended for use with a surveying 
vessel is described in Appendix No. 6, Coast and Geodetic Survey 
Report for 1903. For survesring op^atfons this apparatus has 
be^i supei'seded by the wire ^rag. 

Where special apparatus is not available a drag of some sort 
should be improvised to search for an important reported obstruc- 
tion wl^b can not be found by the lead. Two pulling boats may 
be used, and the principle of the wire drag should l>e followed in 
keeping the drag taut by means of weights at each end and the 
boats towing on courses somewhat divergent. Wire should pref- 
erably be used, or, in its absence, rope or light chain, or an iron 
pipe or bar suspended boriasontally may be towed beneath a 
launch or between two boats. 

1^4. The length of drag will dep^id on the nature of the work 
and the amount and quantity of material available. With stand- 
ard equipment lengths of drag under 3»000 feet are rarely used 
except in channels with less width than this. The following table 
gives information relative to drag lengths in ordinary use : 



LeikglJi of drag. 



Lenffth of Effective 



section. 



width. 



Conditions. 



Less than 3,000 feet, 

3,000 feet 

4,000 feet 

5,000 IM 

6,000 feet and over.. 



Feet. 
300 
300 
400 
500 
600 



Ftei, 



2,700 
3,600 
4,500 



Narrow channels. 
Very broken bottom. 
Broken bottom. 
Fairly clear bottom. 
Beep water. 



Lengths of drag for deep-water work are commonly 9,000, 12,000, 
and 15^000 feet, depending on the area to be covered and the cur- 
T&it v^odty. 

846. Drag depths shall be referred to the plane of mean low 
water unless otherwise instructed. It is considered that an 
examination to a depth of 50 feet at mean low water is sufficient 
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fo hisure safe navi^tioti for surface ves«ete, wlill« arft exawiaatioii 
to 100 feet fs rreoessary to «Alegtssit4L..Bnh&^Jtiue navlgailon. 
Therefore, unless otherwise instructed, tliri t foilovrln^ wiH h(^ the 
standani drag depths : Oeep-water areas to 100 feetor ofvtJr ; ajreas 
with depths betwtvivW and 100 feet ta>witWn 10 oc dQ feet from 
tlie bottom; and areiifi -with depths less than SO feet to witbiii 
about S feet from- the bottom- 
When the drag Is towed through the water the Iwttpiii wire 
will usually lift slightly: The an^otrnt of tills lUt^wliiieh'ia, rarely 
over 2 feet, shall be determined by t^sts usuttU^r eonclii^^, from/the 
ctnider. For tfaid imi'pose a tester should be us^ wl)|«h oiay consist 
of a }-inch metal rod About S f eet loitg atts^hed'to one ei^ of a 
small chain. This rod and chain is goadnaleid ii>' tlMi same manner 
as a lead line, the chain bel«)g' umd tA kimEce an iST»riftble len9th. 
The tender should stop a i^ort dlatatioe shead of tbeidbrag oN^oaite 
the point to be tested anil low«r tltfr' tester to a depth alKNit etoal 
to the upright lengtti. When the \tire strilwa ,tl» rod tl^e tester 
is lifted until it clears the wire and tlie difference between. the 
upright length and the reading of the tes^nr wtien It clears gives 
the lift. ...... 

To obtain the upright setting for 'a eertalH «|lBCtive d^Khadd 
to this depth the lift correction and the betgtit.ef the tide above 
inean low Water as shown by predictions. While ptedieted tWes 
are used fbr setting the drag, the final reduction is to be made 
by using observed value* obtained dwing the cenrse <rf the ,\voTk 
on a near-by gauge. ' • ■ . , 

In channels and In deep water the drag is. usually set-to one 
depth throughout, and for the latter work it is customary to avoid 
depth changes by setting the drag for the maxinnim hetgh* of 
tide that Will occur during the day. In shoal water feiirly long 
drags can be used by setting the drag at different depths to con- 
form to the bottom conteur as shown by soundings. In this class 
of work frequent depth changes are necessary, in wdw t» allow 
for rise and fall of the tide, to conform to. changing bottom contours 
and to avoid shoals previously discovered. In this class of work 
it is not good practice to have the difference in length between 
adjoining .uprights greater than one-fortieth of the distance 
l3>etween them.. 

246. In drugging n!(»iis where sound higs of previous sui-veys are 
.wJidely spaced an 4 where additional Information relative to the 
depths is reQUired. ^soundings taken at stated intervals at' each 
alternate, buoy during the progress of the drag will give a 
staggered line of soundings over the entire path. The soundings 
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are fitottad at tbe posiboa of the buoy by rukkg tbe time inteirtal 
OQ the nonnal path of the buoy. When the posltkm of the drag 
varies trum Its Bortnai carve the positUm of the hooy at which 
the soaadlDg ia tdkec shoukl be fixed In order to plot its position 
on the curve of the drag. This inetliod of sonadlag should be 
used <mly when gjpo&milj tjDstructed. 

247. AU operatimiB and an^» in wtre^rag woi^ ace to be re- 
corded iSor teal iHreaervation and for later work on the smootili 
sheet. A separate saiootii soundhig record aad a wire^lrag record 
are to be kept for each sheet The end laaneh officer rec<»<d8, 
f<» future comparison, each ahgie that he fid^uils, together with 
the tine. Badb tender reicords all data obtained on shoals; 
depth (Ganges, ghriog the time that the change Blarted and ended, 
tbuB new depth and the bnoys involved in the change; drag tests, 
etc. AH data in regard to shoals are to be copied from the tender 
recorda into the aniooth sounding record on the guide launch, 
while other infoitnation Is transferv^ed to the wire-drag record. 
Soundings taken daring tlie progress of wire-drag work shall be 
recorded in a separate sounding volume. When cuts or bearings 
are taken, from the end or guiding launch to locate the position 
of a soundiDg at an intermediate buoy they shall be recorded In 
Om^ aan^e volume with the sonndhtig. 

On the first page of each record ai* to be entered the names 
of objects used for control and the manner in which their loca- 
tions are cfettfhied, together with the shore names assigned to 
them for convenience in recording. On the second p^e the party 
organization -shall be given, with the name and duties of each 
member. Rubber stamps are provided for insertion of data at 
the beginning and end of each day. A'stamp may be obtained 
for insertion of initial lengths of upright at the beginning of the 
day and whenever a depth change ts made during the day. At 
each p(>f^tion the time, position angles, buoy angles^ distance 
angle, signaled ang^e, and distance shall be entered in the ordey 
named. A buoy angle is to be coijisidered as plus if th» buoy ia 
to the right of the object, and min»B if to tlM> left. WhGi toe 
drag catches on a shoal, an excellent check on the shoai positien 
is obtained by observing and recording a bearing to the indica1»d 
position, with a note as to the number of the buoy nearest the 
shoal. 

Successive days are to be lettered in order and corresponding 
days in the wire-drag and sounding records are to be gii?«m the 
same letter. Explanatory notes mhouhjl be enteited* when neees* 

13027''— 21 7 
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sary, in the wire-dra^ record, and every care taken to^ make it a 
clear and complete record of each day's work. 

For long<drag work positions are to be recorded on the end 
launch and later tranaferred to the rii^t-hand angle column of 
the guide-launch record. 

248. To reduce the records, the upright length is to be entered 
in the proper column at the top of each page and where it is 
dianged by a depth change. The correction, as diown by tests* 
is entered and subtracted from the upright length to t)btain titie 
drag depth. If there is a correction for swell it shall be noted 
by the officer in charge and added to the correction. For deep 
drag work a factor of safety may be introduced, at the discretion 
of the chief of party, by adding a foot or two to the lift shown 1^ 
tests. Tidal reducers are to be entered in the same manner as 
for ordinary hydrographic work and applied to the drag depth 
to give the effective depth. If the tidal change occurs between 
two positi<ms, it is shown at the preceding position if it decreases 
the effective depth, and at the succeeding portion if the contrary 
is true. All distances must be checked by reconn;mtatioii. 

248. At the end of each day in the record an effective d^th 
diagram, will be entered. This diagram, whi<di is stmi^y a sum- 
mary of all effective depths obtained during the day is to be 
entered in the following form : 



Position 


43 45 


Remarks 


1 


N 6 F 

34 -> 


B 


2.8-6.4 


2 .. - F 

44 35 




8 


N 2 F 


Tide. 



The first entry shows the initial effective depths, the letter 
B indicating that the line begins. On an inclined section be- 
tween two different upright lengthi^, the lesser depth is to be 
cohsidered as extending horizontally to the first upright set at a 
greater depth; Thus at the beginning of the day buoy Ko. 5 is 
set at 43 feet and buoy No. at 45 feet making the path of buoy 
No. the dividing line between depths. The se<?ond entry shows 
a depth change of 34 feet made from buoy 3 to buoy F in the 
direction of the ari*ow. As the depth is decreased the change 
extends automatically to buoy 2 as soon as buoy 3 is changed. 
T%e fractional position numbers show that the chauge started 
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between positions 2 and 3 at a time when buoy No. 8 had trav- 
ersed 0.8 of the distance between the two positions, and that it 
ended when buoy F had traversed 0.4 of the distance between 
positions 6 and 7. ^t position No. 8 iin increase of 1 foot in tlie 
effective depths, due to tidal decrease, is indicated. 

250. When the drag parts, care should be taken to ellmiuate 
uncertainty by the rejection of a sufficient number of positions. 

251. For plotting, the smooth sheet is protected by tracing cloth 
lield securely in place, with small holes cut through over each 
control object position on the sheet. A number of boat positions 
are plotted, after which the buoy positions are plotted and pricked 
throuj^ on the smooth sheet. The successive buoy positions are 
connected by straight lines, using a pencil hard enough to indent 
the smooth sheet. Care must be taken to plot the buoy positions 
within a reasonable time after the boat positions, lest the tracing 
change its position with relation to the sheet. The tracing is tlien 
removed while the path lines are drawn in pencil on the smooth 
sheet. Every fifth position is Indicated by its number and the letter 
of the alphabet assigned to the day, using Ink of one certaUi color. 
These numbers should be entered only on the guide-launch side of 
the strip. The curved line of the drag is drawn at the end of eadi 
strip, using the buoy spacer. The positions of all shoals discovered 
during the day are plotted, either immediately before or after 
plotting the day's work, and numbered as for the drag positions. 
When a drag strip ends on a shoal, care must be taken to extend the 
line of the drag back of the shoaL 

After the various strips are plotted in pencil they are subdivided 
to show effective depths. For changes due- tb tide the line of the 
drag is dmwn with the spacer at the proper pdint. Depth dianges 
are shown by connecting, with a line, the position of the first buoy 
Involved at the time the change started and the similar position 
of the lust buoy changed. If the change affects less than half the 
drag, the two positions are connected by a straight line. If more 
than half the drag is changed, it is best to locate the middle buoy 
involved at the time it was changed, assuming a uniform rate of 
cl^ahge, and to connect the three points with a smodth curve. 
With a drag set at different depths, the dividing lines are obtained 
by plotting the positions of the dividing buoys at each drag position 
and connecting succeeding buoy positions with straight iinea 

After a strip Is subdivided each subdivi^on is outlined with 
colored ink in accordance with the following color schenles, and 
with the rule that deeper areas are completely surrounded Avlth a 
line of the proper color, wliile areas of less depth are surrovnded 
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by the proper color, excei>t when* lhe^• adjoin an area of greater 
depth : 

19 feet and under Brown. 

20 to 29 feet •.^ YeUow. 

30 to 39 feet Blue. 

40 to 59 feet lied. 

60 to 79 feet Purple. 

80 feet and over Orange. 

Bach axea has one or more light lines exteuUiug across it, with 
a 0paoe for a numeral representing the difference between the 
effective depth and the color base. Thus an area dragged to 94 
feet will be surrouiuled with an orange-colored line and contain 
the numeral 14. Whi^ the strips are inked, corresponding posi- 
tions of N and F are indicated by short lines drawn from each 
toward the other. Each fifth position is indicated by slightly 
longer lines. 

In shoal localities, where an area may be covered several times 
by drags set at different depths, the subdivision described above 
may be simplified by tracing each strip b» it is plotted, subdivid- 
ing the strip on the tracing and ih&x transferring the subdivi- 
sions to the smooth sheet 

• Ma. All rec<M*ds of dragging operations should be kept in wire- 
drag record Ikx^ds, and the work <dearly explained. 

20t. Position angltt. — For locating position of sounding boat the 
two methods generally used are by theodolite angles on the boat 
from two stations ashore, and by sextant angles from the boat 
on three shore signals, mt a eombiuation qt the two. The former 
is the most precise, but is not well adapted to surveys of extended 
areas. 

8S4. The second method is employed in nearly all the coast 
work, the principles involved being the same as in the location 
of a plane table in topographic work by the three-point problem. 
The strength of a determination of position depends directly oo 
the relative positions of the three fixed points and the position 
soui^t There are usually a number of objects from which to 
select in taking the sextaut angles, and good judgment is re> 
quired in making this selection; some positions of the objects 
with respect to the observer give strong conditions and some very 
weak conditions f <Mr the anglea 

S55. Strength of positioa aaglei. — ^A single angle between two 
fixed points gives as a locus of the vertex part of the circum- 
t&temce of a circde through the two fixed points in which the 
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given angle may be inscribetL Two angles measored^between 
three fixed points determine the position as at the intersection 
of three soeh loci passing throng eacfa two of the pointed reqsec- 
tively. The strength <^ the positi^i depends in part on the 
angle at which these circles intersect ; as tliey approaob tangencr 
the position becomes weak, until the Hialting case is reached, 
when the position is on the circamferenoe of the drdfe passing 
throagh tlie three fixed points, in this case the three position 
drdes coincide and the position Is indeterminate and can be 
pkxtted only as somewhere on t)ae cirtie. 

250. Whenever the distance between any two of tiiie fixed points 
is small as compared with the distance from tiiem to the observer, 
the ooneeq^tonding position circle wiU he poorly determined and 
the position wili be weak. 

057. Baaed on the two preceding paragraplis, the following 
should be obeeinwd in selecting objects fior angles: 

S58. Avoid any selection in which the. boat's positimi is on or 
near the dcele passing thi>ongh the three fixed pc^nts. This is 
commonly called a ^revolver" and is to be constantly guarded 
against In case there is no choice of signals and a " revolver *' 
is expected, as may sometimes occur inshore near the end of a 
Ihae, a third angle should, if practicable, foe taken to a point of 
land or other defined object. 

Sfft. Avoid a selection in which two of the fixed points are close 
togsthar fm compared with their cUstance from the observer. 

990. A strong position will be obtained with the three objects 
nearly in Jine or with the central object nearer than the others 
and jio angle less than 90^. 

Ml* Small angles idiouHd senevally b^' avoided, as they give 
weak po8iti0ns in most iCases and also ace apt to be inoonvenient 
to pjiot 

268. There is one case, however, in which a small angle will 
give a strong position, mid that is when two of the objects are 
nearly in line and not close together and the third object is so 
located as to give a good angle of intersection with them. The 
limiting case is where the position sought is in range with two of 
the objects. Only a single angle need then be observed, but a 
second angle on a fourth object may be taken as a check. A 
range should be taken when there is opportunity, but the range 
points should not be relatively close togethw. 

86S. As slight errors in angles aifect a position more with dis- 
tant sii^^ials than when near objects are observed, preference 
should always be given to the latter, other conditions being favor- 
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able, 'ftie uncertainties of plotting doe to paper and instruments 
also make it preferable to use near objects. Thus for insbore 
l^drograpby it is desirable that signals on the adjacent shore 
be used, and not Tery distant signals, as for instance, those on 
the oppoi^te side of a bay. 

264. Wben the cential object is very close and the other two 
objects distant, the whole angle between the latter should be ob- 
served if practicable, or the two separate angles should be taken 
from the same spot, to avoid the error in position that will other- 
wise result from angles taken by observers at points sU^tly 
apart, if the two angles are not taken at the same instant 

265. If practicable, avoid angles between signals having c<m- 
siderable dUSerence of elevation, when either is near the observer. 

266. If in running the sounding line both angles change slowly, 
the position will be weak. In plotting it should be noted that the 
position is strong tf a slight movment of the center of the pro- 
tractor throws the arms away from one or more points, and that 
the position is weak if such movement does not appreciably dis- 
turb the relation of the arms to the three points. 

267. The time interval between positions will depend fm the 
scale and the character of the hydrography, but on large scale 
work should seldom exceed three or four minutes. For con- 
venience in plotting and spacing soundings, positions should ordi- 
narily be taken on the full minute, and when possible at uniform 
intervals. Position angles should, however, be observed when 
there are sudden changes of depth and at all changes of course 
and of speed. 

268. Where the change of course is considerable, positions should 
be taken both at tiie time the change is made and as soon as the 
boat is on the new course, and in such case the tradi of the 
sounding boat should be plotted as a curve and not as a sharp 
angle. 

269. In addition to the position at the beginning of the line, 
position angles should again be observed when the boat gains 
full headway (to be noted in the record) in order to avoid the 
serious errors in spacing soundings on the plotted sheet as a re- 
sult of the variable speed of the boat. The same holds true when 
the speed is slowed down on the approach to shoal water at the 
end of a line; that is, position angles should be taken when the 
boat is slowed down as well as at the end of the line. The irregu- 
lar and improbable depth curves sometimes seen on plotted sheets 
near the shore are generally due to a failure to take account of the 
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changes In speed of the boat near the beginning and end of sound* 
ing lines. 

270. Positions may conveniently be recorded in the following 
form, the signals being named from right to left : 

4 Bet 70° 40' 
Cat 
Dog 41*' 14' 

S73L. The position number is to be placed immediately to the left 
of the time at which position was taken* being careful that there 
is no uncertainty as to wliich time is referred to. It is important 
that the time recorded should be that at which the position and 
sounding were actually taken; discrepancies in the hydrography 
will resist from lack of care in this respect 

378. A range is indicated by setos with a line drawn through 
them, thus: 

4 Bet 61** 27' 
Gat 
Dog 09 

278. Buoys and other aids to navigation within the field of work 
should be determined by special sextant angles. If found to be 
out of positixm or unfavorably located, this should be promptly 
r^Mxrted, as weU as any recommendations as to desirable por- 
tions for aids to navigation. (See par, 401.) 

274* Tlie method of locating positions by two theodolites ashoi*e 
shouid be used when extreme accuracy is demanded, as in harbor 
improvement surveys. Although not often emidoyed in general 
coast work, it may be convenient in some cases. For Instance, 
the signal at the masthead of a vessel may sometimeiii be dis- 
tinguished at a greater distance offshore than the shore stations 
can be seen. from the vessel. The two theodolities are set up at 
suitably situated triangulation stations. All the directions are 
referred to a known direction as zero, which it will be convenient 
in plotting to have to the left of any position of the vessel, when 
the theodolite is graduated clockwise. This zero shouid be veri- 
fied, say at the beginning of each page of the record, by recording 
H pciinting on the reference object. 

278. A time ball or flag is shown from the vessel each time a 
position is required, and the instant it is dropped the direction 
of the foremast of the vessel will be observed at each station, and 
the time recorded at the two stations and on board. Or observa- 
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tkms made by a ^reavimnged time iicbectule, in wliidi case ooeastonaJ 
signals should be made, if possible, for tbe compartson uf clociES. 
Tbe clocks should b« set to agree and cosq^ared at the end of the 
day. 

876. PoiitioAi for offshore hydrography. — ^In developing offshore 
areas along the Atlantic and Gulf coasts, survey buoys are placed 
two or three miles beyond the limit of visibility of the tall signals 
on the coast. The positions of tliase buoys are determined by 
intersecting cuts taken from the Survey vessels while at anchor 
at vaiious points wttbln the rai^e of visibility of both shore 
signals and the buoys whose p«^ttons are to be determined. With 
this control tbe fixed posltifoas on sounding lines are carried f r<nn 
5 to 7 adles beyond the limit of ^isibiUty of the i^iore stations. 
For the survey of an important bank oflshM^ out of si^bt of ob- 
jects on land, a sextant trlangulation should be carried ottt from 
the fiAMrc to locate several buoys or beacons placed on the bonk 
to serve as signals during the hydrographic development. For the 
intermediate stations between shore and bank sailboati^ may prove 
convenient, as they can be readily shifted from point to point in 
a scheme which requires several figures to make the connection. 
If, owing to rough seas or other causes, this method is found 
Impracticable, the use of two ship logs and a record 4»f the engine 
revolutions^ previously standardized, and the compass to determine 
a position on the bank by the adjustment of ontwafd runs from 
a known position combined with that of return runs to a similar 
position in sight of land is iiecommended. The relative positioiis 
of the control signals on the bank can then be determined by 
courses and log distances, as w^l as se&tant angles. When the 
signals are short distances apart, a run between any two by 
compass and log should be immediately repeated in the -reverse 
direction to eliminate the effect of current and other sourees 
of error. For long distances the two runs ifhould begin and 
end respectively with the snme phase of tide. The record should 
be complete as to the compass deviations, lo^ corrections, cur- 
rents, wind, and apparent drift. The sounding lines shouAd be 
plotted and adjusted by the field piirty. In all coast hydt^graphy 
where the lines run offshore out of sight of irignals, corrait ob* 
servatlons ^all be made while on the sounding lines, about once 
every two hours or at intervals of not ov€!r 10 miles. Saeh 
course is to be corrected for leeway. Having an annemometer 
available, a table should be prepared giving a factor for tlie 
wind at each 45* from ahead or astern on either side of the 
vessel. When possible, astronomic observations at the current 
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stRHoDft shall be taken for ship's position in AMitloti to all of the 
dead reckoning ditta oMftined, making also fiill use of wlfOtess tine 
comparisons. OmniM^ ftdfluMiliieiit «f the pMtl0D» tmaat be 
stiown. 

im. A reommoissance of a bank ollMiore, \«1iere aigBals can not 
be seen from a boat, may be made by anclioritigr tbe alitp and 
sounding with a boat, obtaining the distance from the ship t)y 
measuring the vertical angle ttcm the water line to Hie mast* 
head and taking bearings on the iMMit wti& tHe shfp^ compass. 
The height of the mast above the water furnishes a v«rtleai base 
for plotting the distance of the boat. 

S7S. Soandiagi with lead ami llae.--a%e leadSBum shonM be 
trained to estimate the probable d^h for the neott aonadlng in 
order that he may pay ont an aAe(|tiiite ttnoturt of qpare Itoe; 
too much may be more objectionable ttilin too little. TIm effort 
should be to have the lead draw the line taut as tt readies tfte 
bottom ; also to have the lead reach the bottom as the leadsman 
^ets over It, or Jtist before the line becomes pltudb. The leadsman 
shonld then quickly lift the lead off the bottom, and as it teaches 
again I'ead the depth. This is an important precaution for the pur- 
pose of straightening the line arid k^plng the lead verttcal. • When 
there is a swell or the surface of the water is agitated the leads* 
man nrast be careful to make an allowance for the height of 
the waves, sib that the reading of the lead line wHI give tbe depth 
from the mean surface. 

(a) The fbllowing somidlng leads and hand lines are in gen- 
eral use : 

For hand lead in depths np to 8 fSthoms, a 6 to S pound lead 
is used. 

For hand lisad in depths over 8 faliMmis, a 10 to 12 pound lead 
is iisied. ' 

For an hand lines K6. 7 or Nd. 8 IKlver Lake sash cord or 
Sampson spot cord is used. 

For trolley soundings in depths tip to 20 fathoms, a 20-pound 
lead with No. cord is used. 

For trolley soundings in depths over 20 fathoms a 80-pomid 
lead with No. 12 cord is used. (See pars. 364 nnd 360.) 

For the sounding machine in deaths up to 900 fathoms leads 
from 30 to 40 pounds are used with sti^anded wire. In greater 
depths a ^ot of 30 to 60 pounds is used with piano wire. 

Where subsurface currents exist an extra heavy lead should 
be used to permit a straight stretch of the leadline from bottom 
to surface. 
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379. Soundings with vessel underway. — ^When workijog in mod- 
erate ctepths (fffom 20 to 60 fiatboms)* and je4 beyond tbose in 
which it is practicable to. sound wit& a hand lead (over 20 lath- 
cms), th^re is considerable saving of time and of wear on ma- 
<diinery by using methods wbleh permit the aonndings to be taken 
without stomping the vesseL 

280. Trolley rig. — ^A. satisfactory and often-used method is -that 
of dropping the lead near the bow and reading the depth 9S the 
lead line comes vertical under tiie leadsman stati<»ied on the 
quarterdeck. With a sounding lead of from 20 to 30 pounds 
weight up-and-down soundings can thus be obtained rapidly in 
depths up to ISO. fathoms, ^th speeds up to 4^ knots, without 
stopping. Various methods are used for carrying the lead forward 
and automatically releasing it A trolley wire may be rigged 
along one side of the vessel, with a grade downward toward 
the bow. The lead Is si^pended from a traveler hung from two 
gnx^ed wheels which carries it forward until a projecting bolt 
on the traveler strikes a rubber surface on a boom, pushing back 
the catch holding the lead and r^easing it. The lead drops to 
the bottom, and the traveter is hauled aft again. Another device 
is described and illustrated in Wharton's Hydrographical Sur- 
veying. 

281. 2)eflectloa sea&s.— A system of sounding underway with 
sounding, maehlae and wire (piano wire, No. 21 B. &^) has b^ea 
used in moderate d^ths (xmder 10 fathoms). An iron weight of 
SO to 00 poundi^ attached to sounding wire^ is employed, the amount 
of wire out read on a registering sheave, and the angle of deflec- 
tion from the vertical of the wire noted on a horizontal scale pro- 
jecting from the deck. Soundings are made rapidly without stop- 
ping, the w^ght being U^ed only a short distance off the bottom 
and not brought to the surface. The weight dragging near the 
bottom will develop the presence of slioal spots between the sound- 
ings. An occasional sample of bottom may be broaight to the sur- 
face. The correction for deflection of the wire is -~U1— cos o) 
where { is the inclined length of wire and a is the angle of deflec- 
tion from the vertical, supposing the wire to be strai^t. This 
method of sounding has been used to advantage only in moderate 
depths (10 to 30 fathoms) and at mediate speeds (4 to 6 knots) . 
In greater depths (over 40 fathoms) the angle of deflection will 
become too great, and the curvature of the wire will introduce 
difilculties in the correctioii. 

: 282. A modification of this method has been used in depths from 
30 to 50 fathoms. Soundings were taken when the headway of the 
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vessel was reduced sufficiently to keep the correction for inclina- 
tion of wire small. As soon as the angle is i-educed to the desired 
limit it is read, the lead is dropped, and the instant it strikes bot- 
tom the registry dial is read and the reading recorded. The ad- 
vantage of this over up-and-down soundings is that less reversing 
of machinery is required, and that the vessel, retaining some head- 
way, is under better control and the proposed sounding lines can 
i>e more easily followed. 

283. In machine sounding in moderate depths where vertical 
easts are obtained there may be some saving in simply lifting the 
lead a short distance off tlie bottom and going ahead without reel- 
ing in, except where a 'sample of bottom is desired. In using the 
heavier sounding leads for trolley rig, a proportionately heavier 
grade of sounding line should be used, as a pendant between 
the lead and 20-fathom maris, as noted In paragraph 278 {a). 
Over an extended area with depths greater than 20 fathoms 
a section of wire of that length may be used to eliminate a portion 
of the stretch incident to the use of a long hemp or cotton line. 

284. Pressure tubes. — Pi'essuro tubes are designed for use in 
sounding when a vessel is under way in depths up to about 90 
fathoms. Pressm-e tubes with appliances employing the overflow 
device, and others with springs and pistons, are also used. Pres- 
sui^ tubes, while satisfying the requirements of navigation, should 
not be used in depths less than 20 fathoms or when ver>' accurate 
hydrographlc survey work is required on account of errors due to 
temperature and other causes. On off-shore work where sound- 
ing tubes are used in the course, of a sounding line, every fifth 
sounding should be cliecked by a vertical measurement of the 
depth with wire and registering sheave. 

285. Sounding machines. — The Cosmos hand-sounding machine 
may be used successfully for soundings to depths of 500 fathoms, 
using No. 24 standard Brown & Sharpe gauge and about a 35- 
I)ound lead. When sounding in greater depths, steel wire should 
be employed. Other small sounding machines may be used when 
available, such as the. Kelvin navigational machine or the 
Tanner machines. In all cases it is preferable to use a sepa- 
rate registering sheave, such as the Tanner, for reading the 
length of wire out, instead of the dial on the reeling drum, which 
is subject to correction, depending on the amount of wire on the 
drum. In using the Sigsbee sounding machine the scale attached 
to the upright carrying the leading sheave will show the strain 
on the wire when heaving in. A 90-pound strain is the approxi- 
mate limit in using the 21 Brown & Sharpe gauge wire. When 
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soondtng in cleptbs over 1000 fathoms the speed in payiag ont 
and reeling In should not exceed 100 faUioms per minute. 

(e) In splicing stranded wire, a lay of 16 Inches with neat 
tocfcs at each end will suffice. 

B>or ptano wire, a splice 8 inches long will siifioe. In maJking 
the sidftcet caution should be observed not to give the lay at 
the cross or middle of tiie splice so £d»ort a n^ that it will 
afterwards be straightened out under strong tension. Ihe si^oe 
to be wiped with solder, giving a long taper to each end. 

To cover the splice completely with s(Mer» which must be 
done» several layers of- f^t, ticking, or m<^te6idn doth with 
tallow coating in the palm of the hand will serve to wipe the 
splice as the solder is dsopped or poured over it In this opera- 
tion care must be taken that the soldering iron, lasdle, or flame 
fk^m the blow torch does not come in contact with the wire. 

In preparing the splice for soldering a Itax of muriatic add 
with ehic dissdved in it till it ^11 take no more should be used 
before the solder is dropped or poured on. 

Pure tallow, sperm candle or sweet oil only should be used 
in greasing the wiping cloth. 

An electrician's soldering tordi with sddering vrtre fftcOitates 
the operation. Stranded wire No. 24 B. & 8*. gauge Is furnished 
in sealed tins containing 900 fftthom lengths. Piano steel wire 
No. 21 B. & S. gauge Is furnished In sealed tins containing 2000 
fathom lengths. 

(&) The ordinary sounding-record books may be used for work 
with these machines ; the time required to reach bottom should 
be recorded for the deeper soundings as a useful check. For de- 
scription of the Sigsbee deep-sea sounding machine and explana- 
tion of its use, reference should be made to Tanner's Deep-Sea 
Exploration (U. S. Commission of Fish and Fisheries, 1897) and 
to Sigsbee's Deep-Sea Sounding and Dredging (Coast and Geo- 
detic Survey, 1880). 

286. Sounding records. — All sounding records must be complete 
and Intelligible, and the chief of party must personally see that 
the record is being kept in a systematic and careful manner. 
Give description of sounding apparatus (whether hand or ma- 
chine), and state size and kind of line or -svlre, whether register- 
ing sheave is used. etc. Many things which are perfectly clear 
to an obsen'er, having the work fresh In his memory, may not 
be so to a stranger; hence the necessity of making complete note^ 
with each day's work and rocofdinc: evorything essential to a 
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complete QB^erstaiMliDg of the i-eoord. All unoertainties and 
doubtful places should be carefully investigated before leaving 
the field. 

(a) Sounding-record volumes must, as far as practicable, be 
kept sQMurate for ea^ hydrographic sheet and numbered In s^a- 
rate series. It is iseanvenient in plotting and dling records to have 
in one volume soundings that go ou different sheets; to avoid 
this, where projections are not fumii^ed, the scheme of sheets 
should be planned in advance as far as circumstances will permit. 
Boat sliects should conform to the limits of the smooth sheets. 

A special form of record, ** Soundings with wire," is now avail- 
able and should be used for deep-sea sounding. 

287. Idestiileation letters and Bumbers. — In order to aid in the 
identification of Bovnding records, hydrographlc projections sent 
from the office will be designated by a temporary number, and 
those made In the field should be assigned a letter, and these 
field numbers or letters, marketl plainly in pencil, should form a 
part of all sounding records, descriptive reports, etc., pertaining 
to each sheet, respectively. At Manila, Philippine sheet numbers 
will be assigned to each field party at the beginning of the season, 
and the records, and reports must be systematically marked in 
ink with the corresponding sheet nun^ers. 

288. ZaformatieA aetcs.— At the beginning of each day's work 
enter in the sounding book the time the party left the vessel, or 
the vessel left Hie andtiorage ; the distance to the field ; the fact 
tlmt the sextants, clock, and lead lines have been examined and 
Were correct, or the corrections, if any ; describe sounding appara- 
tus nsed-^f machine give wei^t and form of sinker and kind and 
size of wire used, also any departure fixmi ordinary methods; the 
names of the observers, recorder, and leadsmen, and should any 
of these be relieved during the day a note should be made in the 
cohimn of remarks at tlie time it occurs. If there are two <*• 
servers, state which takes the right and which, the left angle, stlm 
the one in charge. 8h6uld there be any correction or fttct recorded 
later, which irtiould be known before commencing the plotting of 
the day's work, a note calling' attention to it should be inserted at 
the beginning of the day's record, also the name and location of 
the tide gafuge or staff to be used In reducing the soimdings. 

5Mi. At the close of the day*s work note again the examination 
of sextants, clock, and lead lijies, and their corrections, if any, the 
tin^ ttf returning to the veesel, and t^e dii^taace from the working 
ground. 
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280. In the division of work between the two observers it will 
be well for one to supervise the steering of the boat and the 
plotting and the other to watch the correctness of the leadsman 
and the recorder. 

291. Standard time is to be used In aU records and so noted In 
the column " Time " at the beginning of each day. 

298. Any information that will be of valu^ in plotting the sheet 
or in explaining the hydro^ra^^y should be noted in the remark 
column, as, for instance, the force and direction of the wind, the 
state of the sea whether rough or smooth, the force and direction 
of* the current, the bearing and estimated distance of any object 
passed by the boat and which is or should be plotted on the pro- 
jection, and the time of crossing the range of two well-defined 
objects. The time of changes in wind or current should be noted, 
as well as eddies, tide rips and their tcend, whirlpools, etc. 
When, owing to surf or other dangers, a sounding line can not be 
run to the shore, explanation should be given in the record, with 
estimate of distance to the shore or danger. 

293. Special care should be taken that sounding records are 
complete in the following respects : 

(a) In remark column the relation of begiuning and end of line 
to some object should be given approximately, as "line b^;iiis 
about 300 meters 80* froa» A Tree;" "Hiaeends 25 meters ttom 
reef, 0® O Run." Also> for every line beginning or ending near 
the shore, the estimated distance in meters to the shore, reef, or 
breakers must be stated, and fbr evei^ important ofodect passed on 
a sounding liiid, as rock awash, b]*eak€»rs, buoy, etc., the estimated 
distsBoce and bearing must be noted« or when not otherwise deter^ 
mined an additional sextant angle should be taken to it from two 
or more positions. 

(h) The course should be note^ at beginning of each line, and 
when changed the time of change and direction of the course 
should be indicated,«as 0« O. to SB"". 

In the new form of sounding record the ship's or t)oat*s liead as 
read by compass should be entered in the first' GcHuion on the right- 
hand page, and the course intended to be made good should be 
written in the remark column. as= an indication of leeway. 

In offishore work, the course, corrected' for varlatioh and 
deviation, should be entered in the remark column, and the ship's 
deviation card should be watered on page 1. 
. (e) A reference mark should be made against ^very sounding 
or time to which any note refers. 
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(d) Wben tstopa are made, the '' ahead " time should be noted, 
as well as any change of speed. 

S94. Oonxiesy bearings, and direotiont should be stated in •de- 
grees (from O"", at north, through east, south, and west to dao**) 
and not in points, and degrees should be used instead of points for 
ail purposes on board vessels of the Survey. Whenever there is 
a possibility of ecmfusion, a statement should be made as to 
whether the course is magnetic or true. 

895. Name and location of tide gauge to be used in reduction 
should be entered at the heading of each day's work. 

896. The second page of a volume of soundings should contain 
an index of signals determined and an index of ci»reiit8 noted; 
also a special reference to any other In^portant information con- 
tained in that volume, giving In each case Uie page referanee. 

897. Ihiplieation.^ — Sounding records should not be duplicated, 
except when specially directed, or when there is considered to be 
an unusual risk in forwarding records* A good security against 
loss will be to forward the sheet and records at differ^&t times; 
the records to be sent by registered maiL 

898. Soundings will in g^ieral be recorded in f athiHUs and in- 
tegral feet; only in such cases as in developments less than 40 
feet at critical or controlling points, in channels, across bars, 
and in fairways, need ^'actions of feet be recorded, or. In other 
wordSy this will depend upon Che locality and d^th of water. 

89A. *'No bottom" soundings are not satisfiactory, and where 
practicable the depth should be obtained. They are quite objec- 
tionable la harbor surveya 

800« Gliaracttr of bottQBi.-^The sounding jrecord should show the 
cbaraeter of the bottom at the toi^ of each page and at each 
change reported by the leadsman, by the usual abbreviatl<m used 
on the charts, which are as follows : M« mud ; B, sand ; G gravel ; 
Sli, shells; Pf pel>bles; Sp^ &s>ecks; €]« clay; St, stones; Co, coral; 
Qas, oose; blc, blade; wh^ white; rd, red; yl, yellow; gy« gray; bu, 
tdue; die, dark; it, light; m* sreen; br, brown; hrd, bard; sft, 
soft; fne, fine; crs, coarse; rky, rocky; stk, sticky; brk, broken; 
Irgr larg^; aoilf small; stf, stiff. The occurrence of grass, kelp, 
hyacinth^ j^r other growth should be noted; also where kelp is 
towedundcr, and at what e^ge of the tide it is, covered. 

801« It is particularly important that information as to the bot- 
tom be given tor harbors and anchorages. . The information given 
by tile sounding lead may be somewhat superAcial, and when con- 
venient a useful check Is f uridshed by the actual experience in 
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aocliorii^ and the material broiaglit i^i ^y ttie aneiior, vHAch 
should be noted. 

808. In the record of gomidlngB, one line atMUiidl be omicted after 
the soan<ttDg on whb^ a po«ttioii wag taken, and abent foqr Ubcs 
between the end of one line of aoandinga and tlie beginning of tlie 
next line. 

Sn. ^TiM times of soundings and iKiaitlona aliouid be carafalb' 
recorded, as they are used tm spacing the aonndiBga. Tte time tht^ 
boat starts or stops is re<|Qired, altliou^h the angles nay be taken 
earlier or later. When under way, if no sounding la taken <»n the - 
position, leave that pttH of tlie line btank in the reeovd. 

SM, CUnrrMtteas.-^Enisuiie^ii should not be aiaile in reeoi'ds. 
A0Stahes discovered may be crossed out and eorvected by writing 
above or to ene €dde, with ex{>laiiation, if amy. Pull eKphuiatioa 
must be written in the record if any work Is rejected, using blue 
or red pencil. 

SOI. The recorder shouhl promptly coll attentfcoii to any- un- 
usual souiding ; if It ts conftmed it should ^ marked O, K. 

SOd. The success of the hydnegrapbic woik depetids directly on 
the correotnessi and eleamess of lAie record; the rsoorder must 
make sure that he hears and records every fact properly and that 
the rec<^d Is complete, and mwst not hesitate to ask t^ repetition 
when neoessary. He should call back the. Dguves as ettt€«ed. 

807. To saT« siHi«e tn plottiilg «poii the sheet, eaeli day's wi^^c 
is known by a Mter. Tlie vessel and each boat aheiild itave a 
separate series, dlslingulshlng them by using capitals of 4)tte oelor 
for the vessel and lower-case letters of anotlier color tar^ eai^ 
boat, tfiese distinctions ^o bepreswved in tlM^boolOB* ^o tbe sheets, 
and in the table ^)f siHitlstlcs. For conv€»leni;e of refereme tke 
letters used in each beok should be given on ilie outside of tiie 
cefvers in the firoper colors. 

806. When the alphabet lias been eirJiausted for day letters, sae 
double letters or primes, »s^ AA or A*. Red, blue, and gm&k are 
the best colors to use ; black- i^ioidd net l^e used, as this wouldl <^ 
seme the soundings. 

809. When a smmding mairhlne of any kind is used the neoard 
shwild clearly state the kind of machine, manner of maiking aoniMl- 
ing, and correction to fnacMae or registering dial,, and kow «ar- 
recti<m was obtained. (See also par. 288.) 

8S0. Rednetien of sovadlAg. — Tlie plane of refennee tevfng 
been ecrtabHi^ed and related 4o tJie gradnatkm of the'akatt^ tlie 
redoeerSj or tide cerreetiens,' to ha applied in the sasindiiH^E ««p 
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derived by taking the differeiice between the tidB-gauge reading 
at tbe time of sounding and the tide-gauge reading of the plane 
of reference. If the tide-gauge reading at the time of sounding is 
greater tlian the reading ef the plane of refer^ice the correction 
to be applied to the sounding will be minus. If less the correction 
will be plus. 

311. The reducers, or tide corrections, for open ocean areas or 
for depths over 7 fathoms, will be entered in tbe sounding record 
in integral feet. On bars at entrances and over inside water 
areas for d^ths less than 7 fathoms and more than 8 fathoms 
the reducers will be entered to the nearest half foot, and for depths 
of 8 f atlioms or less to the nearest tenth of a foot The correc- 
tion for tbe lead line, also to tenths of feet, must be applied at 
the same time as the tide reduction, but the lead-line correction 
may be omitted if not exceeding one-half of 1 per cent of the 
depth. The reduced soundings will be entered in Integral feet in 
the column headed ** Reduced soundings field " (see pars. 385-837) 
except in developments in less '^han 40 feet depth, at critical points 
(see par. 298) the reduction shall be made so as to talce account 
of the fraction of a foot. In verifying the reduction of soundings 
discrepancies of two or three tenths of a foot may be disregarded. 

Lead-Une correction. — ^The correction for lead line or sounding 
apparatus, when neces.'^ary, will be entered in the sounding record 
in feet and tenths for depths of 7 fathoms and less, and in integral 
feet for depths over 7 fathoms, using the minus sign for corree* 
tions to be subtracted and the plus sign for corrections to be added 
to the soundings. When integral feet are used, a fraction of 0.8 
foot or more in a positive correction, and a fraction of 0.8 foot 
or more in a negative correction will be counted as an extra foot, 
but the smaller fractions will be neglected in each case. The 
correction for lead line or sounding apparatus may be omitted if 
not exceeding one^half of 1 per cent of the depth. 

812. The record must show, by Initials at the end, by whom 
reducers were entered and soundings reduced, and by whom each 
of these operations was checked. It can not be too strongly im- 
pressed upon the commanding ofik'er and chief of party and their 
suboi^inates as well that good results in hydrographlc surveying 
can not be expected unless attention is paid to details. It is, 
therefore, the duty of the oflicei*s engaged upon Survey work to 
flee that the records conform in all respects to these instmetions. 
B»2r— 21 8 
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SIS. Planet of referenoe.— The planes of refer^mce adopted for 
the reduction of soundings and the publicatioii of the charts of 
tlie Coast and Geodetic Surrey are as follows: 

514. For the Atlantic and Gulf coasts of the United States and 
Porto Rico, the mean of the low waters. 

515. For the Pacific coast of the United States, Alaska, the Ha- 
waiian Islands, and the Philippine Islands, the mean of tlie 
lower low wat^fs (exoept for Wrangell Strait, Alaska, 3 feet lower 
than the mean of the lower low waters). 

816. For the derivation of the above planes, see under "Tidal 
observations." 

S17. Plotting hydrographie sheets. — On boat sheet* smooth sheets 
or tracing of ^ther, positions should be plotted, and sufflcie^ 
soundings should be plotted in pencil to keep track of the work 
and to make sure that the area is properly covered. All sound- 
ings flowing unusual or dangerous depths at critical places should 
be plotted so that immediate examination can be made, before 
leaving the locality, of doubtful points and spots that give indica- 
tion of danger to navigation. Approximate plane for tidal 
reduction should be used where tide observations are available, 
getting the plane by comparison with predictions. Where ob- 
servations are not available use predictions in the form of 
tide curve pr^ared at the office on the tide-predicting machine 
in the form of a tide roll or marigram. This is reccnnmended for 
preliminary hydrographic plotting and for wire*drag work. Ap- 
proximate depths should be plotted on the boat sheet only. 

SIS. Field parties must plot all sounding lines on the smooth 
hydrographic sheets, plotting the positions in ink and indicating 
them by pen dots instead of miaW circles. See paragraph 827 and 
the following paragraidi for instructi(MUB. The protractor, par- 
ticularly if it is a metal one, should srtdom be permitted to 
touch the face of the smooth sheet. Before b^iinning the pro- 
tracting, stretch a piece of tracing vellum over the entire sheet 
and cut circular holes one-fourth inch in diameter over each 
signal. Letter the names of the signals legibly on the tracing. 
In pricking the plotted positions apply sufficient pressure to 
mark through the vellum onto the smooth sheet. After plotting 
a few positions lift up the vellum enough to expose the area 
just protracted, and number the positions and connect tbem 
with hard*pencil lines. After the sounding lines are fixed on 
the sheet and there is opportunity for further office work, due 
to unfavorable weather for field work or other causes, the sound- 
ings should be entered in pencil after they have been reduced 
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for tide as noted in the preceding paragraph. It is important 
that in so far as practicable the hydrographic sheets should be 
completed in the field. In no case should the soundings be inked 
in by the field party. 

S19. Heoessary details on completed sheet. — Every original hy- 
drograpbic sheet when sent in from, the field must contain the 
following: 

(a) Projection in black Ink, fine full lines, the latitudes and 
longitudes on each end of each parallel and meridian; a note at 
bottom giving the latitude and longitude, with seconds in meters. 
of some one triangulation station. 

(&) Triangulation, plane table, and such other points as may 
have been determined or established by the hydrograi^c party 
must be plotted, each with its distinctive symbol and nama The 
standard symbol of triangulation p(^t is a black circle 2 milli- 
meters in diameter with red circumscribed triangle^ the name of 
the point lettered in black. The symbol of plan&^table position 
is a red circle 3 millimeters in diameter with name lettered in 
red. The symbol of hydrographic signal is the same as for plane- 
table symbol exc^t tliat blue ink is used. The poGdtions of all 
signals should be accentuated by fine black dots in the needle 
holes to assist plotting. Large buildings and prominent land- 
marks determined in connection with the hydrography should be 
indicated on the hydrographic sheet and designated by appropriate 
legend ; if necessary, a reference letter may be used and the legend 
placed where there is more room. (See also par. 196r) 

(o) The shore line must be drawn on the sheet in a continuous 
black line if it has been surveyed by a plane table; if sketched 
In by a hydrographic party, it is to be indicated by a broken line. 
The high-water line and all Infonnatlon outside of it should be 
transferred from the topographic sheet; the low- water line and 
other features outside of high-water line should, however, be left 
In pencil until the hydrography is plotted, when the information 
should be combined, in general giving greater weight to low-water 
line as developed by the soundings. The low-water line should 
be indicated by dotted line, as far as determined. The area be- 
tween high and low water should not be sanded. 

(d) The soundings on the finished sheet should be plotted in 
penca by the field party with the positions, letters, and numbers 
fn colored ink. Minus soundings, which represent the heights 
above the plane of reference of ai^eas bare at low water, should 
be given with the minus sign and inclosed within the dotted low- 
water line. 
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(6) Rocks, reefs, coral, and shell banks, sonkeu or awash, 

mui^ be marked with the proper symbols. Where the leasfe depdh 

over a siribdiierged rock is obtained, Ibe depth ^ould be j^iewn, 

. with the word " Rock " or " Rk." Do not use symbol for stinken 

rock' in sach case. 

(f) The positions of all buoys, light vessete, etc., must be given 
with their proper symbols, and depths at same determlnfjd. 

{g) Bottom characteristics should be noted on the sheet at 
moderate intervals, to give Information contained in the record. 
The standard abbreviations are to be used. (See par. 300.) 

{h) The limits of grass, kelp, etc., and the conditions of tide 
or current when these show must be indicated. If the bottom is 
grassy, it must be so written. Kelp must be marked with its 
proper sign. 

(<) The names of islands, pMnts, rocks, reefs, shoals, banks, 
channels, creeks, etc., must be given on the sheet. Care mui^ be 
taken to obtain these names correctly. Names should, as f^r as 
practicable, be placed on the land area, leaving the water area 
clear. Lettering should not be allowed to obscure soundings. 

(j) All ranges, bearings for dang^s, etc., an^ sailing Ikies on 
courses or ranges should be giffen and drawn as follows: The 
range in black lines broken with long dashes; the bearings in 
black dotted lines; and the sailing lines In black lines brdien 
with short daslies, with the positions of the objects for ranges 
and bearings determined, marked^ and named, and the naines erf 
the objects and the purpose (rf the range or bearing written along 
its line. 

' (/c) Current stations and tidal staticms must be plotted in poed- 
tion. 

(0 Titles sliould not be iaked on original sheets by the fi^d 
party, but must be furnished <m Form 537 and pinned to the sheet. 
The information for tiie title must include the ^neral locality^ 
special locality, names of persons actually in charge of sounding, 
and of chief of party, vessel, dates of beginning and ending, and 
scale, together with a Met of all data forwarded with the sheet. 
The title of a hydrographic sheet must clearly indicate the limits 
of the hydrography, and the same title must be given on the record 
books pertaining to it. 

320. Tal^e of statistics.— A table of statistics should be made 
as the sheet is plotted and transmitted with the sheet. This 
table may be written on computing paper and should be in the 
following form : 
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8t€H$tic8 sheet M'O. 
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l>«te,lW8. 


Letter. 


ume. 


Pos*. 

tions. 


ings. 
1,309 


statute. 

24.8 


Vwaeb. 


January 28 


a 1 


164 


Launch. 










Totol . * 


7,«8 


58,981 


dSO.8 













There must be a nsite stating tbe tmit for soundings (fathoms 
or feet) and the plane of reference. Also a tidal note gitlng 
ebe location of tbe gang^t and if there was more tlian one tide 
gauge, j;or what parts of the^heet each was used; also the lk>lk>w. 
ing infoonation : 

Plane of i-eference, reading on gauge. 
Lowest tide obfiervedf reading on gauge. 
Highest tide observed, reading on gauge. 
321. D^^Uk cmrYe». — The depth eurves must be drawn on the 
sheet, and e^ch curve should Inelnde the o«ta* sovndlngs <xf the 
depth represented by tbe cumne. Wlien evrves mn so close to- 
gether as to confuse the idieeit,.tlie less important, or tibose rep> 
resenting greater depths, may* he dropped. Curves must not be 
completely drawn where the infoniiation Is in«Qlficlent, tmt parts 
of curves or curves with hratoen line mayibe ptit in. 

The field party should leave »the corves in pencil. When the 
sheet is verified at the office the curves will be inked with full 
colored lines, in g^ieiral according <to the following scheme : 

Zero or mean sea-level carveJ Yellow. 

6-foot or l-fathom curve Grc-en. 

l!^foot or 2^fiat^(Mi curve Red. 

l^f^ot or 8-fathohi -curve-— Blue. 

244l?oot or 4-fathoin curve Yellow. 

90-foot or 5-fathom curve Red. 

36*ftx>t -or ft-fatliom curve— Oreen. 

e04i0»t or 19-fath<ffh curve—i' Yellow. 

12(Moot 'or SO'Ca^ioin cwr^e— L___r Blue. 

300-foot or 50-fathom curve '.--li Red.. 

600-toot tWP 10e-fa«thOwi aii^e Green, 

14i9^fMt <fP 200-fftthom <!urve Yellow. 

a>CMKfoot or 1,000-fiathoni curve Blue. 
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(The 24 and .Se foot curve will bo tnnitted except in special 
cases.) 

Depth carves are of much value in interpreting and examining 
the results of the field work. The depth curves will often indi- 
cate areas of shoaler depths requiring further examination. Also 
abnormal and improbable curves are a strong evidence of prob- 
able uncertainties or inaccuracies in the hydrographic survey. 
Depth curves correspond to contours on land, and in nature are 
therefore generally of graceful sweeping form, free from sudden 
changes in direction and from corners; ordinarily they can not 
cross or abruptly run into each other ; on approaching they tend 
toward parallelism; any departure from probat^e natural condi- 
Uona is an indication of error either in fl^d work or in plotting, 
or it may be an indication of shoaling that will require further 
examination^ A study of the characteristic bottom forms in any 
region is of value in die interpretation of hydrography, as such 
forms are apt to rq^eat themselves under similar conditions. 

In relinquii^ing cliarge of hydrographic sheets and accompany- 
ing records the chief of party will inspect eetch record and siieet 
and approve each sheet before it is transferred to the office or 
to another ofBicer for completion. When circumstances are such 
that a departure from this rule is unavoidable or when any part 
of the provisions of the instructions for completing these records 
and sheets are omitted, an exi^anation sliall be forwarded 
promptly to the office for apinxival and so noted in the descrip- 
tion report aocompftuyiiig each sheet. 

822. Comparison with previous gurreys. — In plotting comparison 
should be made with the results of all previous surveys and with 
^arts covering the same region, if available^ especially as to all 
dangers or less depths shown on previous surv^s. Develop pre- 
vious dangers and verify their location and extent 

323. All remarks, comments, etc., in sounding records should be 
carefully noted in plotting; abrupt changes in depth should be 
^^rifled by checking tide reduction, etc ; boat sheets and descrip- 
tive r^M)rts should be examined and compared to see that all 
essential information is on the smooth sheet. 

324. Character of drafting. — ^The drajfting work on the finished 
hydrographic sheet requires accuracy, neatness, and legibility, 
and of course good judgment and knowled^ of the work, but It 
does not require expert penmanship. 

325. Marking positions. — ^As each position is plotted on the 
sheet a point should be pricked through to show its exact poei' 
tion, and this point should be marked with n light dot of colored 
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ink (small circles shonld not be made). The successive positions 
on the lines will be connected by lines drawn with a hard pencil. 

8M. Bach position must be numbered and the number placed 
just below and to the right or left of the position ; the position 
numbers must be small and so placed as not to Interfere with thi* 
soundings. 

827. The letter of the day's work must be placed at the begin- 
ning and aad of each line, at about every fifth position on the 
line, and at the point of any dedlded change of direction in line. 

328. The color of tbe position, day letter, and position num- 
ber must be the same as the color given the vessel or boat in the 
mounding record. 

3S9. Style of numerals. — Vertical block numerals (no hair 
lines) have been adopted for soundings on hydrographie sheets. 
The penciling, as well as the Inking, should follow this style, using 
a X)encil hard enough to avoid smudging, but not so hard that it 
will unduly cut into the paper. 

880. Distinctness of important features. — ^It Is important in plot- 
ting hydrographie sheets that the more Important features, such 
as rocks and least depths on shoals, shall be perfectly clear and 
distinct, and great care must be taken not to obscure them by at- 
tempting to plot all of the numerous soundings that may have been 
taken for the development of such a feature. If for any reason 
an important feature Is not clear on the finished sheet, or is so 
shown that there is a likelihood of Its being overlooked, a note 
should be added calling attention to it. 

881. Selection of soundings. — ^Where the number of soundings 
taken is greater than can be plotted on the sheet, as many sound- 
ings should be plotted as is consistent with clearness; those show- 
ing the least depths on shoals, greatest and least depths In chan- 
nels, and changes of slope must be shown, the selection being such 
that a cross section could be drawn from It showing all important 
features ; in no case should a mere mechanical selection be made, 
as, for instance, every third or every fourth sounding. 

882. Enlarged scale for complicated areas. — It Is sometimes diffi- 
cult to properly plot the soundings to show the development of 
a complicated area on the scale of the general hydrographie sheet 
In such cases an enlargement of the plotted positions should be 
made and the soundings plotted on the enlargement, which may 
appear on the sheet as a subplan. The enlargement should be to 
fM>me even decimal scale, and the scale should be stated on the 
plan. The curves at the margin of the subplan should be i*educed 
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and transferred to the main sheet to make sure that the work is 
consistent, 

333. OTerli^ of sheets. — ^For adjaeeiy; hydrographic slieets the 
curres and soundings ahoidd te cemBKHi for a narrow strip, and 
this oTWlap should he in accord on the two sheets. 

334. Banirerg and stage of tide.— Definite information fihoi«^ be 
given on the sheet as to dangers which show at varioiiB stages of 
the tide, as so many feet above low water, awash at low water, 
awash at high water, breaks at half tide, brealoi in heavy weather 
only, and the like. '*Awash " slnrald always be qualifted by the 
stage of tide at which it occurs, and the tnece use of the symbol 
for rock awash will not be sufficient for any important danger. 
(See par. 235.) 

336. Ii4e rips should be indicated on the sheet by words, quali- 
fied as heavy, moderate, or light. 

333. J>epth units.— The unit to be used in plotting the soundings 
will depend upon the locality, the character of the body of water, 
and the closeness of detail to be shown. I^ctensive inclosed waters 
and inside routes frequently have but from -2 to 5 feet of water 
or even less, and of course i^ould be pk>tted in feet and frac- 
tions (see par. 337) at critical points, ^eets in generally deep 
water will be plotted in fathoms and sixths of fathoms to a depth 
of 6fi fathoms, f being i^otted as i; in fathoms and quarter 
fathoms from 7 to 8} fathoms, f being plotted as i; and for 
greater depths fractions will be omitted. But one depth unit 
must be used for the whole area of any shept 

387. On sheets plotted in feet no fraction of feet will be shown 
(fractious of less than 0.8 being omitted, and those of 0.8 or more 
being written as the next whole foot), except th»t in critical 
places < under 40 feet in d^th) on navigable bars, in chann^s, 
and shallow inclosed watM*s and inside routes fractions (i, i, and 
I) shall be shown where important; but on ouUying dangers att 
fractions shall be omitted and the next lower foot shall be given. 

338. In converting fractions the following will in general be ob- 
served : When i^otting in even feet omit all fractions of less than 
0.8, and those of 0.8 or more write as the next whole foot ; when 
plotting in quarters take ai=*0, 0.2=i, 0^=i, OA=h 0.6=i, 
0.6=J, 0.7==i, 0.8==!, 0.9=1; wh«i plotting in halves, take 0.1 
to 0.3 as 0, 0.4 to 0.7 as i, and 0.8 to 1 as 1 ; when converting 
from feet to fathoms and quarters, take leas than 1 foot «s 0, 1 
foot and leas than 2.5 feet as i ftittiom, 2.5 feet and less than 4 
feet as ) fathom, 4 feet and less than 5.5 feet as f fathom, and 
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5^ feet and over as 1 fatiM>m; when converting ttom feet to 
fotlKuns, far less tlmn 4.^ iSdet drop ttae fraction, for 5 feet and 
over take tbe nest wliole fMhom. 

888. Deflnlng reef limitg.— The limits of reefs as located by the 
hsrdresvaphy ^loald be faUy marked on the sheets in the teld. 
l%edaager ttmit of rodcy bottom having seme deiith of water» but 
whkdi GUI net be tevestigpated in detail, should be indieated by 
the sQttken rodcaymbt^ The coral-reef symbol should be used to 
indicate the extent of coral leetfe either. bare or awash at low 
witter* 

SiOt» BtvovsaaA watiiteiM *— Where from any reason but a sin^ 
anfi^ is available (as when a mistake has been made in reading 
one asgle) a line of poskion may be plotted by setting the angle 
oo a protractor and plotting several pctots in the vicinity of the 
wotk. The boat must have been at some plaee on the line drawn 
tinx>«gh these points, and its location <:an be fijoed by the intersec- 
tion of this line with the coune made good, or by plottiag on it 
tlie distance from either the preceding or succeeding position ac- 
cording to the time interval* If two ai9les have been observed, ' 
bat: wiltont a eammon ehject, the two lines <tf positions may be 
plotted separalety and their Interseetion will be the position of the 
boat. 

Mlatalree Im anglwi or record may sometimes be detected by 
esttaMting thje Desition from time and course and testing the 
angles with the protractor. No arbitrary deviation from the 
record should be made, however, unless it is reasonable and sup- 
ported by other evidence. Such cases, or rejection of any portion 
of the record, should be noted in the column of remarks with rea- 
son therefor, and this statement must be signed and all defects 
corrected before leaving the working ground. 

841. Horth the top of gheet-^In plotting and inking original 
sheets, north shall be taken as the top, and names, soundings, and 
signals shall be put on normal to the meridian, regardless of the 
direction of the borders of the she^t, except where it is desirable 
that names be lettered to conform to geographic features. In such 
cases the names shall be inked so as to be read when looking north. 
Names should by their direction and proximity clearly Indicate 
the object designated. 

842. Very large sheets should be avoided in plotting hydrogra- 
phy, being inconvenient to handle both in office and field. The 
standard size of topographic sheet is 30 by 52 inches. Somewhat 
larger sheets may sometimes be necessary for hydrography, but 
they should not exceed 42 by eo Inches. 
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343. For smooth hydrograptilc sheets, Whatman's paper is fur- 
nished mounted, of siee 30 by 52 inches. When larger sheets 
are required backed drawing paper of the best avaUable quaUty 
should be used. 

844. A multiplicity of sheets should be avoided as far as practi- 
cable by completing eadi sheet in its entirety. Fragmentary sheets 
for small pieces of work should be avoided ; such infoormation <*an 
often be placed as a subplan on another sheet covering the vicinity, 
separated by a border and with subtitle. 

345. For boat sheet.s a good quality of mounted paper should be 
used, and a paper with brownish tint has been found veQr satis- 
f act<»y. 

346. Thin tmnsparent celluloid has been used advantageoucdy 
tot boat sheets ; one side of this material should have^a diAl finish 
so that it may be written upon with a pencil. The celluloid is laid 
over the smooth sheet and the fitfgnals mailed. In the boat the 
celluloid is used over a sheet of paper, 

347. The boat fi^eet, if one Is used, should alwaiys be forwarded 
to the office, to a»^t in the final veriflcatioiL 

348. The distances that will be included on a sheet of given sise 
and scale may readily be obtained from the f<^lowfng talde of scale 
equivalents, by dividing the length or width of the sheet by the 
length of 1 mile on the given scale. For instant, a sheet 42 biehes 
by 60 inches on scale -rvhif will include an area 11.5 1^ 10.5 muitical 
miles. 



Seato. 


Nautical mile. 


Statute mile. 


faiches. 


Centi- 
meters. 


Inehes. 


Ceuti- 
meton. 


rifhn 

TV W 

T9 !¥» 
XV w 

wItv 

WoVT 
TVVFTV 


14.503 
7.206 
4.864 
3.648 
2.432 
1.824 
1.469 
1.216 
0.912 
0.730 
0.305 
0.182 
0.073 


87.06 
18.53 
12.36 
0.27 
< 6.18 
4.63 
3.71 
3.09 
2.32 
1.85 
0.03 
0.46 
0.18 


1167» 

t^ 

3.168 
2.112 
1.684 
1.267 
1.066 
0.702 
0.634 
0.817 
0.158 
0.063 


32.10 
16.00 
10.73 
8.06 
5.36 
4.02 
3.22 
2.68 
2.01 
1.61 

aso 

0.40 
0.16 



849. Manipulation of protractor, — In plotting positions it is well 
for the sake of rapidity to have a uniform practice in placing the 
protractor. It is usually preferable to place the central arm on 



Digitized by VjOOQIC 



HTDROOSAPHT. 123 

the central object, witb the right and left arms about equally 
distant from the corresponding obj€K!ts; keeping the central ob- 
ject on, pui^ the Instrmnent up, r^neing the distances on either 
side equally until all three arms are on. Handled in this manner 
the clamped arms of the protractor are not touched by the hands. 
The protractor should be examined occasionally to see that it 
is in good adjustment and has no lost motion in any of its parts. 
A protractor may be tested by measuring with it several angles 
which have be«i accurat^y constructed geometrically on drawing 



960. For plotting an^es where the three-arm protractor can not 
advantageously be used, eititier because the angles can not be set 
off or the positions fall under the frame, the Court celluloid pro* 
tractor should be used. Hiis ts more conT<enient than urtag 
tracing paper. 

S61. Spaioiiig tonndiiigs. — ^In plotting soundings the i^iace be^ 
twe^i the plotted positions should be divided (using tlie con* 
▼enlent standard spacing dividers) according to elapsed time and 
the soundings i^eed at positions indicated by tiieir times. Where 
there is any distinction the move reliable system of lines should 
be plotted flrst. Tbe center of a numeral, or group of numerals, 
repiesenting a sounding is the position of the sounding. 

tSS^ In starting a sounding line from a position determined 
when the boat is at rest, another position should be det^mlned 
after an interval of one minute or when the boat has attained 
the sounding speed. Where considerable change of course is made 
and soundings are continued with the vessel <Mr boat under way» 
allowance must be made in plotting for the curve made in turn- 
ing and the fact that there is au appreciable interval before the 
vessel Is on the new course. In such a case a position should be 
determined just before changing the course and another as soon 
as the boat is on h^ new course. 

S58. Sheets should be carefully examined for differences in 
depths when sounding lines cross one another. 

Discr^mndes at crossings should be. recognized as evidence of 
SM>me fault in apparatus, method, or record whlcb requires a study 
to discover its source and indicate the most probable correction, 
and possibly a reexamination In the fleHd. The following typical 
errors are likely to iMroduoe large discrepancies and which ate 
most readily detected by such a study. Careless protracting or 
srpacing of soundings; errors in applying lead-line correction; 
confusion of numbers, such as 7 fbr 11; miscalled sounding: 
reversed angles, left for right or right for left; miweoding sex- 
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taut 5 or lO"* ; coofuslou ot signals ; sextaat bftdly out of adjust- 
ment; err«tfieeus tide reducttoa. 

The following are typical ot errors wiM^h will peqpiire a mure 
careful aoaly«is of all available data: Spacing of soundlnsf whuxk 
affected by umeeorded variatlcHis of speed aad course ; unrecorded 
errors in length of lead line; large clock errors; ptaAe of refer- 
ence» when the soundings of one line at a cixkssM^g depi»id oa -a 
tide gauge bloelEed by shoals from the free aceesss at the ti^e ; 
tide gauge too extant, or othewise not w^l located in relation 
to the hydrography ; abrupt changes of slope, espedally those due 
to the existence of ridges f orated by wave action on bars; dif- 
ference in state of the sea^ when tile Soundings of obb iitie 
are more affected by rougb water than those of another; simnd^ 
ings uffiected by the existenee of a bight in tlie lead line when 
running with or against wind, sea, or current; very soft or oaa» 
bottom; a oondition wUchi permits. of a coMderalde Mftude'of 
judgment as to what is the bottom. 

Most of tiie errors in the ISamt list will have the eCEeet of 
disidacing the soimding line from its true location, and a study 
of the data should bring out the fact that the divergence was 
inconsistent with, the record, and lead to tlie discovery, of tb^ 
error. 

Unrecorded variations of i^^eed most fi^uently occur at lihe 
start or finish of a line — ^a eofnparisoai of time intervals ahd di»- 
taiKes between positioiis shouJkl indicate th<^ trouble. A faulty 
plane of lefbrence will produce discrepancies where lines of sound- 
ing* reduced by it cross other lines of soundings reduoed from 
a different gauge. 

Curves of equal deptb affbrd useful evidence of tbe source 
of several discr^aufHea, among which is that of a tide gauge 
poorly located with r^erenoe to the hydrography. Under this 
condition curves located by means of adjoining ^rallel sounding 
Mnes, Ttttt at different stages of the tide, will have a jagged 
unnatural appearance. 

The €3dslenee of sand ridges on a bar should be apparent from 
an inspeetton of the whole area of the bar. A slight difference in 
the poeltton of the vessel at a cnMSSing might result In a sounding 
befang taten on the crest of a ridge and one on the s^de <^ bottom 
of the steep inward slope. The posslbflfty of an underwater t>tgfat 
In the lead line should be eaipable of inference from the notes 
fai the record. And here ft Is perttneut to once more stress the 
importance of full notes In the record. It should be obvious from 
the foregoing how necessasry they are In clearing up dtiscrepancles. 
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Sufficient notes may save from rejection an apparently unreliable 
sheet. 

II tbe study does not result in an actual correction of one of 
the lines, yet it may plainly sbow good reasons for tiie rejection 
of 'one of tbe lines and, in coBseQoenee, warrant tlie adoption 
of the oth^. Wh^i the data do not afford a reasonable explana- 
tion of the difference, and the latter amounts to as much as 5 
per cent of the depth in critical parts of the water area, the 
work should be revised in the field. 

354. Lead-liae d«rre«ti0fis.*^To ayoiddl&rge corrections to sound- 
ings it is desirable ffnd convenient to have the lead line as nearly 
<jorrect as practicable. The followinig method has been found to 
^ve a fairly constant lead line : First, each lead line should have 
its own sized lead and not be subject to different tensions from 
leads of different weights; second, before marking, let the line, 
-with lead attached, drag after the vessel for sereral hours a day 
for two or three days, and afterwards keep the line soaked in 
salt water; third, mark the fathoms with line under a tension 
equal to the weight of the lead, laying oflP the marks with a steel 
tape; the intermediate marks can be put in with line extended 
on the deck, averaging the spaces. 

855. Vcrlfloativn. — ^The lead line must be verified by the officer 
In charge at the beginning and end of each day's work, and the 
corrections in feet and tenths recorded in the sounding record or a 
statement entered that lead line is correct. In verifying the line 
care should be taken to apply a pull equal to that of the lead In 
water. 

856. Permanent marks may be placed on a deck or a wharf with 
copper tacks, and the veriflcatlon of lead line can then be quickly 
accomplished. 

8i7. The record in the sounding book of the comparison of lead 
lines should be so explicit as to avoid any possibility of error In 
applying the correction to soundings', and the following form is 
recommended : 



Mark on 
leadline 


TruelengtJi 
on tape or 


Correction to 
soundings 


tfm. 
Jfm. 
3fm. 


5.8Xt, 
11,9ft. 
18.1 ftL 


'-0.2 ft. 
-0.1 ft. 
+0.1 ft. 
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356. Tlie minus sign indicates that the lead line is too abort, so 
that the depths obtained with it appear .too large and the correc- 
tion to the soundings is subtractive. The plus sign indicates that 
the lead line is too Ipng, so that the depths obtained with it 
appear too small and the correction to the soundings is additive. 

859. The lead-line correction may be neglected it not exceeding 
one-half of 1 per cent 

380. Lead lines are marked as follows: 

1 fathom. — ^A piece of leather with one strip. 
Z fathoms. — ^A piece gf leather with two strips. 

3 fatho^na. — ^A piece of leather with three strips. 

4 fathoms.— A piece of leather with four strips, 

5 fathoms. — ^Wliite rag. 

6 fatlioms.—A piece of leather with one strip. 

7 fathoms. — ^Red rag. 

8 fathoms.'^A piece of leather with three strips. 

9 fathoms.— A piece of leather with four strips, 

10 fathoms. — ^A piece of leather with a hole in it 

11 fathoms. — A piece of leather with one strip. 

12 fathoms. — ^A, piece of leather with two strips. 

13 fathoms. — ^Blue rag. 

H fathoms. — ^A piece of leather with four strips^ 

15 fathoms. — Same as 6. 

16 fathoms. — A piece of leatlier with one strip, 

17 fathoms. — Same as 7. 

18 fathoms. — ^A piece of leather with three strips. 

19 fathotns. — ^A piece of leather with four strips. 

20 fathoms. — ^Two knots. - 
361. Up to 5 fathoms the Hue should be marked with smaU 

white cord for every foot, the half-fathom mark being distin- 
guished by a cord with a knot, and this designation for half 
fathoms should continue to 10 fathoms. 

■ 362. Sounding poles instead of lines may be used in shoal 
depths. 

363. Sextant glasses. — A sufficient supply of spare sextant glasses 
should be kept on hand. When the glasses become unserviceable 
they should be returned to the office. Sextant glasses are ex- 
pensive, and precaution should be taken against their being lost, 
broken, or scratched. 

364. In case of emergency sextant glasses may be resilvered in 
the field by the following method : The necessary requisites are 
tin foil and mercury. Lay the tin foil, which should exceed the 
surface of the glass by a quarter of an inch on each side, on a 
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smooth pad of paper ; rub It smootii with the finger ; add a drop 
of mercury about tlie size of a small shot, which rub gently ov^r 
the tin foil until it spreads itself and shows a silvered surface ; 
gently add sufficient mercury to cover the leaf, so that its surface 
is fluid. Prepare a slip of dean tissue paper the size of the tin 
foil. Brush the surface of the mercury gently to free it from 
dross. Take the glass, previously well cleaned, in the left hand 
and the paper in the right. Lay the ^aper on the mercury and 
the glass on it. Pressing gently on the glass withdraw the paper. 
Turn the glas9 on its face and leave it on an inclined plane to 
allow the mercury to flow ofli which is accel«»ted by laying a 
strip of tin foil as a conductor to its lower edge. The edges may 
be removed after 12 hours, and in 24 hours give it a coat of var> 
nish made from alcohol and red sealing wax. Spare sextant 
glasses are now furnished with each sextant 

365. The mercury-tin amalgam, while less readily aif ected chemi> 
cally, is more liable to mechanical injury than silver, and caution 
is therefore necessary in handling the sextant glasses. 

860. Bangers previously reported. — Existing charts and publica- 
tions must be carefully compared with the development of the 
field work. Should a rock or shoal previously indicated on a chart 
or mentioned in a publication not be found during the progress 
of the work, the locality must be so carefully searched and the 
records must be so complete as to show beyond doubt that the 
rock or shoal does not exist. It must be specially m«itioned in 
the descriptive report, and in this report must be given, if pos- 
sible, the evidence of anyone who may be deemed an authority 
in the matter. No rock or shoal which has found a place on 
the publications is removed unless it is proved beyond any doubt 
that such rock or shoal no longer exists. 

S67. Information must be obtained from all available sources. 
Pilots, fishermen, shipmasters, boatmen, and others living in the 
vicinity or acquainted with the locality, must be consulted, and 
every place credited with a ro<*: or shoal, even if only by rumor, 
must be examined. (See par. 374.) 

368. Blank areas on charts. — Surveying vessels when proceeding 
to or from the field of work should take opportunity, when it will 
not materially delay more Important duties or interfere with their 
instructions, to obtain occasional soundings in areas on the charts 
where no information is at present given, particularly in the 
ordinary tracks of vessels. 

869. Banges for compass deviations.-r-Report should be made of 
ranges of prominent and easily distinguished objects that would 
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be suitable and umtai tot the puxpooes of dete^mming the com- 
pass deviatiena of vess^s Id tbe vicinity of important Mrbors or 
ancborages; 

370. I&fomatimL aileotiafir ]ia¥igatle]|> ref oi:t3 of dans?er«, and 
obanges in ai^s to naTigation. — Ail pecmva» in the service of the 
Coast and Geodetic Sarvey should communicate to the IHrector 
any valuable information obtained affeeting the interests of navi- 
gation along the coasta fllpecial reports should promptly be made 
of any information af the following classes, giving in each case 
the authority and sndb recommendations as may seem desirable: 
rodts, reefs, shoals, or sunken wredcs (with d^th of wattjer over 
same), either not shown or iooorreetly shown; aidf& to navte^tion 
dtlfiering in any respect from the data given on the diiarts or In 
the light or buoy Hats; important errors or omissions (m charts 
or in Coast Pilots or sailing directions ; changes in depths or di- 
rections of channels, dianges in coast lin^ currents* etc. (See 
also par. 4!0fL) 

371. Deteni^aatitfa of aids to naHgatAon^— All aids to naviga- 
tion in tiie area of the field of work, not already located* ahonld 
be de^mined. Even outadde of the limits of proposed work, when 
practieablev limits and buoys estaUished by proper authority 
should be determined in positloB and described when they are 
not shown on the charts or have not previously been determined by 
this Survey, 

S78. Vessels en route from one port to another, when weatlier 
and other circumstances will permit, shou^l verity the poaitions 
of lightships and seacoast buoys. The positions of all boays and 
lightships on the field of work should be a^urately determined. 

S78. Care of property. — Reasonable and proa^r care should at all 
times be taken of property, boats, and vessels emplc^ed in the sur- 
vey work. 

OaAST PILOT. 

374. The following outlines briefly the topics on which informa- 
tion shall be sought for publication in the Coaat Pilot It is 
a general guide for those whose special assignment is coast-pilot 
work. All officers, when in a position to do so, shall cdlect such 
information and forward coast-pilot notes as herein directed, 
which lAiall include all the data obtained on any or ail at the 
subjects mentioned. 

(a) The Coast Pilot aims to supply all information not fur- 
nished on diarts or in other readly a?ailalde forms> which may 
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be of use to the navigator of any craft whatsoever, regardless 
of draft, size, or service. 

(&) Inquiries shall be made of local authorities, commercial 
organisEatioiis, yacht clubs, and others interested, for the purpose 
of ascertaining their needs so far as they can be supplied by this 
service, or through reference to oth^ bureaus. 

(c) Relations shall be establiidied, when possible, whereby the 
Survey will be advised at all times of any matters wldch should 
receive consideration in the office or attention in the field. 

(d) Preparati<« for this work shall be made by collecting all 
data in the office or elsewbere available bearing upon the region 
which is tlie subject of tovestigation, such as reports of aids and 
dangers uncharted or incwrectly charted ; examine previous pub- 
lications and note omitted, incomplete, or erroneous Information ; 
make study of Untied States Army Engineers* blue prints of 
surveys of improved areas in order to determtoe necessity for 
ext^ision of their surveys to cover indicated changes beyond 
the limits of their work; note localities requiring examination 
on account of the inc<Hnpleteness of surveys or increased im- 
portance of locality ; ascertain from the office in what localities 
our data on tides and currents are incomplete and should be 
supplemented in the field; consult Senate and House docum^its 
on examinations, surveys, reports, and Improvements in regions 
under consideration. 

Bromides of original sheets may be required where a chart is 
inadequate by reason of scale or lack of detail for purposes of 
field examination. 

{€) In the field, data \^11 be collected from all available 
N>urces; offices of the United States Army Bkigineers c^ould be 
visited to obtain results of their mirv^s and examinations, pro- 
gram of proposed operations, and information on subjects useful 
to the Survey. 

if) Application for similar information shall be made, per- 
sonally if possible, to municipal engineers in ctorge of water 
fronts, engineer departments of railways controlling deep-water 
terminals, State authorities or oUiers engaged la the defvelopment 
or operation of waterways, mariners and other individuals in- 
terested in shipping. 

(g) Travel to and tram the field of work and movements by 

members of the party while on the working ground shall be by 

steamer as far as possible in order to collect data from local 

roasters and pilots making the runs. On the working ground, 

1302r— 21 
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visits should be made to lightsMps, tenders, and stations of the 
Bureau of Lighthouses, and officers and employees interviewed. 
No general rules can be laid down, but the following points will 
be suggestive so far as applicable to any particular region. The 
amount of detail to be given requires much judgment, as over- 
minute details tend to obscure the most useful facts. Obviously 
certain classes of information may be useful as in a new country 
previously unsnrveyed which may not be necessary to give in con- 
nection with a well-known coast. 

875. General description of the coast, following the geographic 
sequence of the published Coast Pilots, and including the aspect 
or appearance of the coast on making the land ; describing promi- 
nent objects, as, on a bold coast, the headlands, peaks, etc., with 
their form, color, and height ; or, on a flat coast, the water tanks, 
spires, beacons, etc. Ei9)ecially describe the first landfall and 
objects useful as guides to navigation. 

876. Outlying dangers and Islands, the limits of tide rips and 
breakers, and their relation to wind and tide. 

877. Landmarks. — Description of all prominent landmarks likely 
to be useful to navigation or to future surveying operations. If 
mountains, state whether summits are often clouded. Give 
measured or estimated heights of mountains, hills, cliflld, islets, or 
rocks referred to. Describe ranges in use by pilots and means of 
identifying them. Suggestions should be made as to other ranges 
that would be useful or as to artificial marks that it would be de- 
sirable to erect. (See par. 194, "Topography.") 

878. Directions for passing the outlying dangers. 

878. Befuge. — In case of stress of weather the best anchorage 
or the nearest harbor of refuge to run for ; or in eztr^ne cases of 
damage the best place to beach a ship. Locate and describe life- 
saving stations and houses of refuge. Give character of beach 
and behavior of vessel in breakers. 

880. Pilots.-^Information as to their station or cruising ground, 
any special regulations or signals, their charges, the possibility 
of obtaining tugs, etc. ; anchorage while awaiting pilot or tug. 

881. Approaches. — General remarks, usual course from along- 
shore or ftom sea, dependence on lead, approaching in thick 
weather. 

888. Bars.— Describe principal marks and aids. Give directions 
for approach, with description of outlying and other dangers and 
haw to avoid them. Least depth and width at best place for crossing 
bar; most favorable time to enter. Does bar break in ordinary 
or only ia heavy weather? How far out do bi*eakers extend? 
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Qive v^odty' and directloii of wind and stage of tide producing 
these conditions. Can entrance be made while bar is breaking; 
and, if so, for what draft? Give character of bottom, and nsuai 
allowance made for squat, pitch, and tides under different condi> 
tions on the bar. To wliat change in depth and position is the 
bar channel or approaches subject; if any, give magnitude and 
direction of change. (See Currents.) 

888. Channel!. — Give minimum available depth throughout and 
where necessary the minimum width. Give character of bottom 
and descril)e all aids and natural objects. Are channel banks 
defined by grass or other growth, color of shoals, or in any other 
readily recognizable manner? 

State maximum draft possible and greatest draft entering or 
leaving. Where maximum draft differs from minimum depth in 
channel state reasons for same, as swell, squat, tide, and rocky 
or soft bottom. JKote depth and dmracter of approaches to 
wharves, piers, dry docks, marine railways, and coal stations. 
Manner of approaching them and why. Are channels permanent, 
subject to considerable or frequent change, under improvement, 
or maintained? j 

884. Besorlption cOT the ihore, with characteristics (as height, 
color* wooded, cultivated, bold, sandy) of each important head- 
land, point, island, and rock. 

885. Inihore dangers. — Extent and nature, least depth over 
them; whether visible; if tweaking, at what stage of tide; how 
much, if any, is bare at low water; marks or ranges for clearing 
them by day or ni^t. In regions where dangerous shoal areas 
or pinnacles are marked by kelp or other growth state the ordi- 
nary significance of such growths, at what stage of tide they 
show at surface, and when, if ever, they are towed under. 

In regions where bowlders, ledge, coral heads, or similar 
dangers probably exist it is very desirable to examine the sus- 
pected areas at extreme low water, at which time important fea- 
tures may show above or near the surface. 

In the examination of entrances and approaches for ofl?-lying 
dangers, advantage should be taken of heavy weather to locate 
any 8hoals marked by brealrei*8. The existence of rocks or other 
shoals in localities of considerable current is often indicated by 
rips and swirls; such disturbances should be noted at strength 
of ctirr^t and Investigated. 

886. Ports. — ComBoercial importance, character, and magnitude 
of trade, chief exp(»-ts and imports, facilities for coaling and 
watting vessels, supplies and provisions obtainable, facilities f6r 
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repairs to hulls and machinery, marine railways or dry docks 
(length, draft forward and aft, and tonnage hauled), wharves, 
piers, and docks, and depth of water and character of bottom 
alongside and in approaches, whether public or private, and rules 
for use, harbor regulations, means of communication. 

Locate and describe customary anchorage, customhouse and 
landing, time ball, station for reporting vessels, storm warning 
and small craft warning display stations, quarantine stations, 
hospitals for mariners; and obtain copies of all published pilot, 
harbor, and anchorage rules and regulations where possible. Note 
harbor improvements in progress or projected. 

387. Sailing directions for approaching, entering, and teaving 
channels and harbors; such directions should be actually tried 
under different conditions and verified before they are adopted or 
recommended for use. 

Verify ranges and determine and describe any natural ranges or 
leading marks, defining sailing lines, points of change of coutve, 
dangers, and other features. 

Check bearings or obtain azimuth of dredged channel axes. 
Wherever possible locate aids by means of ranges, bearings, or 
angles for use as checks on their position. Add any useful details 
not given in light list, reliability of lights and buoys, visibility of 
lights and audibility of fog signals. Note localities of unusual 
sound reflection. Locate and describe marks and aids, wheth^ 
natural objects or others, used in connection with works of im< 
provement wliich may serve as navigational galdes. Locate and 
describe fish weirs, oyster stakes, and similar constructions, Also 
day marks and lights maintained on them. Give rules and regu- 
lations relating to them. 

Y 388. Aids. — Lights, lighthouses, buoys, beacons, and other aids 
i^all be verified on tiie ground for location, description, depth 
alongside, and in relation to the features they are intended ta 
mark. Note buoyi^ which tow under or do not watch {H^operly. 
Where the distinctive characteristic of an aid is Its color state 
whetlier it is generally clearly distinguishable 

888. Currents, tidal or n<mtidaL — General conclusions from ob- 
servations or other information. Give velocity, direction, dura- 
tion, and relation of time of slack to that of high water or low 
water. Note set with reference to axis of channel and i^^eningR 
through bridges and at other contractions of the fairway, across 
bars and in entrances; approaching docks aad piers; occurrence 
of rips, swirls, and eddies. Effect of wind and freshets on cur- 
rents, and if flood current is ever entirely overcome. I>e8crlbe 
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folly all abnormaUtles in currents or marked variatloiia from 
Qsnal j^ienoraena. The notes sball cover the entire field of ifi^v- 
atU>ns» both inshotre and ofliahore, and include all horizontal move- 
moits of surface waters, whether tidal or nontidal, or both. 
Whei« the currents are due to whids or other meteorologic cause 
or are greatly modified in velocity, direction, and duration thereby, 
the variations produced shall be determined and their relation to 
the conditions that produce them shall be developed if possible, 
such as velocity and direction of wind. 

380. Tides. — CJollect all available data bearing upon tides, ex< 
cessive or atuuNrmal rise and fall, duration of stand, and time of 
high and low water. Where gauges are in operation make special 
effort to obtain reccnrds of such conditions ; whether due to wind, 
flood, or other causes^ Note rate of progress of the tidal wave 
and the variation of amplitude along its course. 

In shoal areas, eeqpecially inclosed waters, give variation of 
surface level due to storms and, if possible, develop relation of 
velocity and direction of wind to locality and magnitude of result- 
ing changes in surface elevation. 

891. Bridges, oontraotioBSy aad obstraotions. — ^Note kind of 
bridge, horizontal and vertical clearance at high water of open- 
ings through fixed spans, draws when closed, and at other con- 
traetions; also depth in openings. Length, beam, and draft ac- 
commodated by locks and simihu* structures. Vertical clearance 
of aerial cables and trolley wires. Which side of draw or open- 
ing of bridge should be used, and if only one, state, for what 
reascm. Obtain copies of rules and regulations governing the 
operation of bridges, and locks and signals in use. 

392. Ice. — Season during which it is encountered. Its form of 
occurrence; movements imder Iniluence of winds and currents; 
extent to which it affects navigation. Season of navigation aa 
affected by ice, flood, fog, low water, storms, and in addition in 
the case of canals and other artificial waterways give period of 
navigation fixed by law or regulation. 

393. Slvers. — Give draft and class of vessels which can enter ; 
point to which tide reaches; depth on bars and permanency of 
channel ; strength of current ; effect of freshets ; distance to head 
of navigation for steamers and other craft. 

394. Canals. — Describe location and approaches, give total 
length of each lock, capacity of locks, controlling vertical clear- 
ance under overhead structures, passing points, tie-up points, local 
contractions, variations of surface elevation, period open to navi- 
gation, rules, signals, and regulations governing operation. 
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396. Aaohorages, with descriptions relattre to llieir capadtgr* 

holding ground, amount of protection, and circumstances of 
weather under which tested. Character of bottom, marks, and 
rules and regulations for use, If any. 

396* landing places, espedally on a coast exposed to swell. 

397. Watering places for vessels — ^Bivers, streams, or springs. — 
At ports state whether water is piped to wharves or supplied by 
water boats, and diarges; convenience for watering ships. Give 
distance upstream that salt water extends at different seasons 
or under other varying conditions; state also when overboard 
water is sufficiently fresh for drinking or boiler purposes. 

398. Weather. — ^Under this head state briefly only new and im- 
portant facts, as prevailing winds and their seasons, directions 
from which gales come and how they affect anchorage, land and 
sea breezes, rainy seasons, fogs, and freshets, and seasons or 
conditions when prevalent 

399. Wrecks, where usually occurring; tendency of wrecks to 
break up or remain in position. Information bearing upon the 
occurrence of wrecks is exceedingly desirable. It Is of irst im- 
portance that inquiries be made and Investigations instituted 
for the purpose of developing the various causes contributing in 
any way to marine disasters, such as little known currents, addi- 
tional aids required, misleading or deceptive bottom relief in 
approaches, shifting shoals and channels, imperfect or inadequate 
charts. 

400. Change of coast line or deptiis. — ^Mention any reliable evi- 
dence as to recession or growth of shore line or change of depths. 
Note any important facts regarding changes observed. Give evi- 
dence, if any, of subsidence or emergence of shores. Locate and 
outline limits of dumping ground for dredged or other materials. 
Give location of submarine cables and water mains. Define 
limits and give regulations for forbidden anchorages. Report all 
obstructions and temporarily obstructive operations. Note espe- 
cially localities where changes of any sort affecting navigation 
are likely to occur and report those whidi should recdve frequent 
attention in order to keep publications up to date. 

401. Information of importance affecting navigation, such as 
rocks, reefs, shoals, sunken wrecks, aids omitted or incorrectly 
charted, errors or omissions on charts or in Ck>ast Pilots, changes 
in depth, channels, coast line, and currents shall be forwarded 
to the Director without delay for insertion in the Notice to Mar- 
iners or other immediate publication. Where aids are involved 
a report shall be forwarded, without recommradation, to the 
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lighthouse Inspector and a copy sent to the Director. Sugges- 
tions or reGommendations in regard to aids shall be sent only to 
the Director. 

(a) To avoid delay, inspectors and chiefs of parties on the 
Paeiflc coast and Alastca are authorlased, whaiever the Sury^ 
dev^ops rocks or other Important information that should reach 
the public promptly, to issue a notice furnishing such information. 
A copy of such notice, with full details, will be mailed to the 
Washington office at cmce. 

402. Inside route pilot. — (a) Special effort shall foe made to col- 
lect information which will contribute toward the completeness 
of our publications covering the inside routes throng inland 
waters and all aitrances and inlets alSording access to sucb 
routes and with special reference to the needs of motor boats. 

(b) Note extent of routes and period of navigaticm; draft that 
can be accommodated at low water and at high water; width of 
opening and vertical clearance under both fixed spans and draw^ 
bridges; rules and regulations for operation of drawbridges ; draft 
in canals ; length and width of locks ; obstructions ; tolls ; period 
of navigation ; attended or unattended bridges ; rules, regulations, 
and signals. 

(c) Navigability of tributary rivers, creeks, and other wat^- 
ways, and distance from mouth to falls, rapids, dams, or otibter 
head of navigation, including depths and distances to various 
points. 

id) At points where boats must wait fbr the tide the time of 
local high water referred to some known potnt should be given. 
Character of bottom shall be determined generally, especially at 
local shoalings such as cross-over^, bars, oyster reefs, etc. Outline 
and describe snag infested and stump infested areas. 

(e) The extent to which the tide affects the inland waters and 
variation of surface due to winds and floods should be noted. 
Localities of strong currents should be mentioned with at least 
approximate velocities and relation of time of occurrence to that 
of local or other high or low waters. Note points where naviga- 
tion depends upon freshet conditions or high water due to rain. 

if) Locate and describe, in relation to the channels or other 
features they are intended to mark, all aids to navigation, include 
Ing private aids such as pointers, poles, bush stakes, beacons, 
buoys, etc. Note buoys which tow under or do not watch properly. 
Where the distinctive characteristic of an aid is its color, state 
whether it is generally clearly distinguishable. 
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(ijr) Give poiiits where serrices of pilots are necessary, where 
they can be obtained and rates, extent of traffic, devetopment or 
settlement of region, and mention places where supplies, provi- 
sions, gasoiine, oil, water, ioe, and* hotel accommodations can be 
obtained; also facilities f<Nr watering vessels and coaling, where 
\ small craft can be repaired, hulls, machinery, or both; give loca- 
tion of marine railways and the length, beam, draft forward and 
aft and t<Nanage they can haul. 

(h) In remote districts telegraph, telephone, railroad, steam- 
boat, or other lines of oommunication and postal facilities should 
be described. 

{i) OccHrrence of obstructive growths such as hyacinth, grass, 
lEelp» etc., and season in wli^h they are found, occurr^ice of ice 
and to what extent and for what period navigation is affected. 

(/) Note especially localities where changes of any sort affect- 
ing navigation are likely to occur and which should receive fre- 
quent attention in order to keep publications up to date. 

ik) Bntnmoea and inUts, — Describe principal marks and aids; 
directions for approaching entrance with description of outlying 
or other dangers and bow avoided; least depth and width In 
entrance, across bar in channel, and locate same. To what change 
in depth and position is entrance subject; if any, give rate and 
direction. 

{I) Does bar break in ordinary or only heavy weather? Give 
direction and velocity of wind producing this effect. How far 
out do breakers extend? Can entrance be made while bar is break- 
ing and, if sov for what draft? 

TIDES. 

40S. Purpose. — Tide observations are made in connection with 
hydrographic work in order to furnish data for computing the 
plane of reference, for reducing the soundings to that datum, and 
for use in making predictions and giving tidal information for 
the Tide Tables, Ooast Pilots, and Charts. Tide observations also 
furnish determinations of mean sea level for use in connection 
with precise leveling, and give information valuable for other en- 
gineering and scientific purposes. One or more tide gauges must 
be maintained in connection with all hydrographic work, and the 
tide observations should be made as complete as circumstances will 
permit. 

404. Location of gauge. — The corrections necessary to refer 
soundings to the adopted plane of reference shall be in error not 
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more than one-fifth of the allowable error in the determination of 
depth ; where the allowable error in depth is one-half foot or less 
the correction shall not be In error more than one^tenth foot. 
Ganges shall be located so as to approximate the condttions on the 
working gronnd within the limits stated. Should doubt attach to 
any gauge In use, a temporary staff shall be established in the im- 
mediate vicinity of the work and the results at the gauge in ques- 
tion verified. In connection with hydrographic Work, it will in 
general be desirable to set up an automatic tide gauge at some cen- 
tral point, and continue it there throughout the season ; subsidiary 
tide staffs are also to be established in the immediate vicinity of 
the work, as may be necessary. In selecting a site for a tide 
gauge, existing facilities and the accessibility of the location to the 
observer must generally be taken into account. It will be conv«i- 
ient to place an automatic tide gauge on a wharf if a substantial 
one exists. It is important, however, that the location shall be 
such that there is free communication with the sea, shelter from 
storm waves, and deep water clo&e to the position at low tides. 
For use In connectioii with the hydrography on the outer coast it 
is advisable to avoid a location for a gauge well inside of a river 
mouth or shallow estuary, or In any body of water having only a 
narrow connection with the sea. For surveys of offehore bars and 
exposed channel approaches, where especially accurate soundings 
will be required for which the record of an inshore tide staff will 
not be sufficient, a temporary tide staff should be estaMished by 
pumping down a scantling, or otherwise. 

405. Abnormal tides due to eonllgtiratloA of shore. — ^In straits 
connecting two areas having tides of different ranges and epochs 
of occurrence, it will usually be found that there is a portion of the 
strait in which tlie tide varies rapidly from place to place< For 
instance, within a single mile at Hell Gate, East River, N. Y., the 
time of tide changes about an hour, and the mean range varies 
about 1 foot. Similarly, in the channel north of Vancouver Island, , 
British Columbia, there is a difference of febout 2 hours in the 
time of tide, and of about 5 feet in the mean range, within a few 
miles. There may be an appreciable difference in both time and 
height of tide on the different sides of the same island in an archi- 
pelago, for it often happens that rapid changes occur in the tides 
and currents of such groups. Sometimes the occurrence of a shoal 
near one end of a rather small detached island will cause the tides 
to differ considerably on opposite sides of the island, depending 
upon the location of the shoal with reference to the approach of 
the tide wave. 
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406. Abnoraua tides due to wind and shallow water.— In large 
shallow bays, in broad stretches of rivers or along shores where 
the water is shoal, the wind sometimes has considerable effect 
upon the ler^ of the water surface, and two tide stations dif- 
ferently exposed to the wind may be affected unequally. 

Failure to detect the conditions that cause abnormal tides, and 
to adopt measures that will permit the elimination of these ab- 
normalities, has caused sounding lines to fall to cross by several 
feet, and, in some instances, has seriously vitiated the survey. 

Where the conditions described £«%vail, an additional staff 
should be established in the immediate location of the work, and 
compariS(»i oi the tide observations made with those of the stand- 
ard gauge. The observations at the auxiliary gauge should in- 
clude one complete range of the tide on each day that the gauge 
is used, unless its bench mark is connected with the bench mark 
of the automatic tide gauge by a line of levels. In that case 
the observations at the auxiliary gauge may cover only those hours 
during which sounding dependent upon the gauge is being done. 

407. Tide gauges. — ^There are four types pf tide gauges, known 
as tide staffs, box gauges, pressure gauges, and automatic gauges. 
The plain tide staff is the simplest and most common form of tide 
gauge, and wh^sever possible should be used in connection with 
the other kinds of tide gauges in order to refer the tidal results 
to permanent bench marks. The box gauge is sometimes employed 
when the water is too rough to obtain satisfactory readings from 
a plain staff. The pressure gauge may be used from a vessel at 
anchor where the water is too deep to erect a tide staff. The 
automatic gauge is used when a conttnuous record of the tide for 
a long period is desired. 

.40S. Tide staff. — ^The simplest form of the gauge is a plain board, 
about 5 inches wide, 1 inch thick, and the length should be based 
on the extreme fluctuation of the water surface in the locality in 
which it is to be used. It should be graduated to feet and tenths 
(not inches) with numbers increasing upward, the lowest gradua- 
tion being zero (0). It must be securely fastened In a vertical 
position to a pile or other suitable support The zero should be 
placed lower than the lowest known tide, and a temporary bench 
mark established as close to it as practicable, in order that the 
staff may be readily returned to its original position if displaced 
by accident. For reference to permanent bench marks see para- 
grai^ 514-520. It is desirable that the tide staff be painted, espe- 
cially if it is to be used for a considerable length of time. In the 
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latter case the gradnatioii shoHld be cut Into the wood on the 
edge of the staff. 

409. Glass tube. — When the wat^ Is rough it is a great advan* 
tagc to have a glass tube, partially closed at the submerged end 
by a notched cork or otherwise, secured to the face of the staff. 
Some floatiog object should be introduced into the tube in order 
to give definition to the water line within, such as a ball cut 
out of cork and scorched to blacken it, or a little col(»*ed oil. This 
ball should be somewhat smaller than the bore of the tube, as it 
otherwise tends to increase the capillarity in the tube and indi- 
cate heights a little above the true. 

410. Portable staff. — It will sometimes be preferable to use a 
movable tide staff, which may be taken out and cleaned or re- 
painted or removed for use in another locality. A guldeboard is 
secured in a vertical position to a pile or otiier suitable support, 
and pieces naile<l to it so as to form grooves in which to slide the 
tide staff, exposing only its graduations. This guldeboard need 
not extend lower than mean tide level. A metal plate is screwed 
to the top of the guldeboard, forming a stable support for a metal 
shoulder which is fastened upon the back of the movable staff. 
This metal plate serves as a temporary bench mark, whose rela- 
tion to the zero of the graduation must be stated. 

411. Portable staffs are recommended for use especially in con- 
nection with automatic tide gauges at stations where the observa- 
tions are to be continued for several years. An ordinary fixed 
staff left in the water soon becomes discolored and the gradua- 
tions illegible, necessitating frequent removals for painting. A 
portable staff that is placed in the water only when it is to be 
read and is kept in the tide house at other times remains in a 
good condition much longer. For convenience In storing in the 
tide house the staff may be in sections fastened together with a 
hinge, which should usually be placed on the face of the staff so 
as not to interfere when the latter is lowered in its guides. As 
it may sometimes be convenient to use the same portable staff 
at different stations a standard size is desirable. It is recom^ 
mended that such staffs be made 5 inches wide and 1 inch thick 
or sli^tly less when dressed. The guides should be constructed 
Mdth the sliding space about 5^ inches by li inches to provide 
suflEident margin for the staff to be lowered without binding. 

412. Haltiple staffs. — ^When the range of tide is too great to be 
measured by a single staff, a succession of staffs may sometimes 
be used along shores with gentle slopes. A field glass will usually 
enable the observer to read the outer staff. When possible. 
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these shQuld be arranged so tbat Uie graduations wlU be con- 
tinuous from one staff to the other, so that the readings on aU 
the. staffs will be referred to tlie siame zero, 

413. Box gauge. — This form may sometimes be employed when 
more accurate readings are required <»* when the swell renders 
the \me of a single staff ini2onvenient It consists essentially 
of a float that rises and falls in a vertical box to which the tide 
has access; and to the float is attached eith^ an index that 
moyes over a fixed scale (h* a graduated rod that moves over an 
index. The float is usually a copper cylinder about 8^ inches in 
diameter and 3 inches high, the bottom being weighted to give 
it steadiness in tlie water. The top may be provided with a 
socket for a graduated rod or with a ring for an index wire or 
cord. The float bos is similar to that used for an automatic 
gauge (see pars. 441 and 442 for description), but the opening in 
the bottom may be somewhat lai^er. A hole li inches in diameter 
in a float box that Is 12 inches in diameter will permit the 
wat^ to enter freely enough to give a pero^tible slow motion 
to the float when the water outside is rough. Such a motion is 
desirable in order that the observer may be assured that the box 
is not clogged with sediment or other obstruction. 

414. A convenient form of box gauge^ where the range of tide 
is not too great, is to have a light woodei) rod flxed in a socket 
on top of float and steadied by cross pleoes at the upper end of 
tlie float box^ so as to rise and. fall in a vertical line. The rod 
should be numbered from above downward, zero being at the 
upper ^id. The top of the box, or of a board or a piece of sheet 
metal placed at a convenient height for the eye, is used as the 
leading point. 

415i In another form of box gauge one end of a small flexible 
wire is attached to a ring in the top of the float, whUe the wire 
passes over one or more pulleys and terminates with a counter- 
poise. An index on the wire passes over a flxed scale, which 
may for convenience be either vertical or horizontal. The scale 
is usually that of nature, but sometimes it is desirable to either 
inorease or diminish the scale, which can be done by passing wires 
over drums of different sizes or by means of movable pulleys. 

416. A form of box gauge adapted especially for use in the rough 
waters on shoals offshore consists of a white-pine pole staff, cross 
section 1 by 1 inch, with rounded edges, graduated on eaqh of 
the four sides in feet and two-tenths with the zero (0) at the 
top, and set in a hollow cylindrical white-pine float IJ inches 
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oatMde dlatneter ana seven-eighths indi inside diameter. The 
float should be thoroughly covered with shellac and liquid par- 
aflto. The length of the rod will depend upon the range of tide 
in the locality where it is to be used, and the length of the float 
should be about four-tenths that of the rod. The float well con- 
sists of a 2-inch iron pipe, the bottom of which is set in a 
1000-pound concrete block to serve as an anchor. The pipe should 
be long enough to reach above the ordinary waves at high tide, 
and a one-fourth inch hole should be drilled in the side several 
feet above the concrete anchor. A cap with a square hole for the 
staff is to be screwed on top of pipe after the float staff has been 
placed Inside. Just below the cap, a 2-inch flange for the at- 
tactmient of guy wires may be screwed on the pipe, and four 
small Eftieaves, one for each guy wire, secured to this flange by 
wire loops. The top of the pipe is to be secured by four guy 
wires of No. 6 wire with leads making an angle of 60* oif more 
with the vertical. The end of each guy wire is to be anchored 
with concrete blocks, giving a total weight of about 2000 pounds 
to each anchor. For convenience In handling, each concrete 
block may be cast with wire-rope loops projecting. After the 
anchors have been set the guy wires are led through the sheaves 
at the top of the float pipe and drawn taut, a fence-wire stretcher 
being convenient for this purpose. 

417, Seference of box gauge to bench mark. — ^The reference of 
a box gauge to a bench mark should be such as to indicate 
clearly the elevation of the mark above the water surface when the 
gauge reads zero (0), the position of the water surface at this 
time being the true datum of the box-gauge readings. This refer- 
ence can generally be most satisfactorily obtained by erecting a 
plain fixed staff near by, the zero of which is referred to the bench 
marks l^y spirit levels. Simultaneous readings of the water on 
both gauges are taken when the water is reasonably smooth. A 
<tomparison of these readings will give the difference between the 
datums of the two gauges, which difference applied to the eleva- 
tion of the bench mark above the zero of the fixed staff will give 
the Novation of the bench above the datum of the box gauge. 
The difference between the box-gauge readings and the fixed-staff 
readings should be frequently checked, as a small leak In the float 
of the box gauge might change the line of flotation and conse- 
quently modify the datum. 

416. The relation of a hench m«rk to the box-gauge datmn may 
also be obtained directly as follows : (a) When a graduated rod, 
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with se^e inverted, is attached to the float and moTes over an 
index known as the reading point In this case obtain the eleva- 
tion of the b^ich mark above the reading point and add the 
length of the float rod as measured from the zero (0) graduation 
to the water line on the float. In case the bench mark is below 
the reading point, this distance should of course be subtracted 
from the length of the float rod. (&) When an ungraduated rod 
with an index is attached to the float and moves over a fixed 
vertical scale, the graduations increasing upward, the elevation 
of the bench mark above the zero of the scale should be added to 
the length of the float rod as measured from the index to the 
water line on the float, (c) When a cord or wire connects the 
float with an index, a direct measurement is usually impracticable. 
In this case the elevation of the bench mark above the water sur- 
face should be. obtained when the water is smooth, and to this 
should be added the box-gauge reading taken at the same time. 
In every case the separate measurements must be entered in the 
record in order that the results may be properly interpreted and 
verified. 

419. Pressure gauge. — ^This is an Instrument for determining the 
tide by measuring the variation in pressure at the bottom, due 
to the rise and fall of the water. Although the results are very 
rough as compared with those obtained by a plain tide staff, the 
gauge is serviceable in obtaining the approximate tides on shoals^ 
where the water is too deep to erect an ordinary tide gauge but is 
sufficiently shoal to anchor a boat. A simple form of this gauge 
formerly used by this Survey consisted of a strong rubber bag, 
holding about 6 gallons, connected with a flexible, air-tight tube, 
having an inside bore about one-fourth inch, and made in sections 
like garden hose. The upper end of the tube has a stopcock and a 
steam gauge. The bag is incased in an iron box, which is nearly 
water-tight, so as to exclude the influence of short-period waves, 
the same as for a box gauge. The iron box containing the inflated 
bag is lowered to the bottom, the gauge on board the vessel being 
read at intervals, the rise and fall of tide being indicated by 
change of pressure. 

420. The aero-mercurial gauge and manometer, two other forms 
of pressure tide gauges, have also been used and description of 
them can be furnished when desired. 

421. Automatic tide gauge. — ^This machine, which Is known also 
as a self-registering gauge, traces a curve that graj^ically repre- 
sents the rise and fall of the tide, the abscissae indicating time 
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and the oidlMtes tlie heifl^t of tbe tide. The essential parts of 
tbe machine o(»isist of a clock that moyes paper forward at a 
miiforin speed and a float that Is free to rise and fall with the 
tide, and is so connected with a tracing pencil that the latter 
moves peipendicularly to the motion of the paper and propor- 
tional to the rise and fall of the tide. The combined motion of 
the paper and the pencil produces a tide curve, sometimes called 
a marigrajn, from which the height of the tide for any desired 
time can be read by means of a scale. The automatic tide gauge 
now in use by this Sm*vey is illustrated in figures 18 and 19 and is 
described In the following paragrapiis : 

428. Clsolck — ^There are two clocks, as illustrated in figure 18. 
The one on the right-hand side, No. 1 in the figure, is the motor 
dockf and the other one, No. 2, is the time dock. The motof^ clock 
turns the main cylinder which regulates the motion of the paper. 
Tbe cylinder, which is 12 inches in circumference, turns once in 
12 hours, moYing the paper forward at the rate of 1 inch per hour. 
The motor clock has two main^rings, both being connected with 
the driving apparatus, and in case of one of these breaking by 
accident it is sometimes possible to operate the machine with the 
remaining one until there is an <^portunity for repairs. The 
purpose of the tim^ clock is to mark the hours on the record. It is 
similar to an ordinary striking clocks one sirring runs the clock 
and the other operates a device that trips the recording pencil, 
making a short horizontal mark on the repord eadi hour. 

498. Each of tlie clocks will run eight days with one winding, 
but.it is recommended that they be wound twi«e a week. The 
clocks may be regulated i^ad corrected as similar clocks in ordi- 
nary use. The minute hand of the tUne clock must not be turned 
backward when it is between 10 minutes before and 5 minutes 
after the hour mark '^ XII," in order to avoid injury to the hour- 
marking device. 

484. BoUen* — ^There are thre^ rollers; the supply roUer (fig. 19, 
No. 3), a round brass rod with flanges at each end, one of which 
is removable for putting in the paper; the main cylinder (figs. 
18 and 19, No. 4> ; a hollow drum made of brass tubing about 1 
foot in circumference, with 12 sharpened steel pins set at equal 
intervals around the cylinder near each end, designed to prevent 
the pf4>er f rom slipping over the smooth surface of the cylinder 
as it is revolved by the motor clock; and the receiving roller (fig. 
18, No. 5), a 4iollow tube of sheet brass, with a small slit running 
its entire length, and two flanges, one of which is removable, so 
tliat the completed tide roll may be removed. 
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4S5. CoBneotion between doek and gauge. — ^Tlie axle of the hoor 
hsokd. of the motor dock exteiMiB throagh tiie back of the case and 
has a toothed or carrier wheel upon it (fig. 19, No. 6). The main 
cylinder has a hinged carrier arm attached to its axis, which can 
be thrown into or out of the teeth of the carrier wheel, thus making 
or breaking the connection between the motor clodc and the gauge. 

496. Paper.— The paper used on the maddne is about IS indies 
wide and is furnished in rolls about 66 feet long, which Is sofficient 
for <me month of record. This roll is placed on the supply roller, 
ted over the main cylinder, where it receives the tidal record, and 
is then mechanically wound upon the recdving roller. 

487. Tension weight.— This is the smaller of the two wdghts 
famished with the machine. It is attached to a cord <flg. 18, No. 
22), which is wound around the tenMon iCeigM pullep (figs. 18 
and 19, No. 13). This pull^ is provided with a pawl and ratchet 
for winding up the tension weight from time to time. The action 
of the tension weight winds the tide roll oa the receiving roller, 
keeps the paper on tiiis side of the machine taut, and also wBsists 
the motor clock in turning the main cylinder. 

428. Tension spring (fig. 19, No. 21).— -O^is spring presses 
against the supply roll of paper and keeps the paper on that side 
of the machine taut. As the pap^ is prevented from slipping 
over the main cylinder by a set of ^arpened pins (par. 424), an 
excess of tension on either side of this cylinder is likely to cause 
the pap^ to tear, espedally if it is damp. 

489. Float. — ^The float furnished with the tide gauge is a copper 
cylinder, 8) indies in diameter, 8 inches hi^ and weighted so 
as to float with about one-third of its hd^t above the water 
surface. It is connected with the float pulley of the madiine by 
phosphor-bronze wire, No. 23 American wire gauge. When in use 
the float rises and falls with the tide in a float box to which the 
water has access through a small opening. (See per. 441.) 

480. Float pulley (figs. 18 and 19, No. 11).— A set of four inter- 
changeable pulleys veith circumferences of 6 inches, 9 indies, 12 
inches, and 16 inches is provided with each machine in order to 
adapt it to different ranges of tide. Special pulleys of other sizes 
are also sometimes used. These pulleys are about 1 inch wide 
and have threads cut in their faces to prevent the float wire, one 
end of which is attached near the edge of the pulley, from winding 
upon itself. There are ft<om 16 to 24 turns of the tliread on 
each pulley. For i^e removal or adjustment of the puUey there 
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are two etemp nuts (ll|r- 19, No. 28), which are set by metam of a 
special wrench (fig. 19, No. 24). This pulley together witii the 
counterpoise pulley is clamped to the pencil screw (fig. 19, No. 8), 
and causes the latter to turn as the tide rises and falls. 

48i« Coaaterpoiae pulley (fig. 19, No. 10).— This pulley, which 
is threaded like the float pulley to which it is clamped, carries a 
wire or cord to which is attached a counterpoise wei^t 

432. Coamterpoise weight. — ^This is the larger of the two weights 
provided with the tide gauge. Attached by a ^re or cord to ttie 
counterpoise pulley it serves to take up all slack in the float wire, 
and rewinds the latter as the tide rises. 

4S8. Sliding grooved pulley (fig. 19, No. 3i2).--This is free to 
slide on a long axle near the counterpoise pulley. It is designed 
to caiTjr the cotiateiiioiat cord away from the float wiie, and at 
the same time koap the vHre as it winds or unwinds alwagrs oppo- 
site its proper' ttiEtad on the counterpoise paUey» Whan the oiwi* 
terpoise cord is carried directly to a flxed pulley in the ceiling 
of the tide house, this sliding pulley is unnecessary. 

484. Pencil aerew (fig. 19, No. 8). — ^This is made of phosphor 
bronze about five-eighths inch in diameter, and has a square 
thread with a 1-inch pitch. Fcht stations having a large range of 
tide, a p^icil screw with a one-half inch pitch is frequently used. 
The threads at each end of the pencil screw are turned down to 
prevent the pencil arm from Jamming. 

485. Pencil arm (figs. 18 and 19, No. 9).— This arm carries the 
recording. penciL In its bearing is a nut that fits in the thread 
of the pencil screw so that as the latter is tamed tlie arm moves 

' along the screw, toward the clocks for a rising tide and in the 
reverse direction for a falling tide. If a very high or a very low 
tide moves the arm to either end of the pencil screw, the nut 
becomes disengaged from the screw thread and Jamming is pre- 
vented. Springs are provided on each side of the pencil arm to 
force the nut back into the thread of the screw when the tide 
l»egins to reverse. 

488. BaAum pencil holder (fig. 19, No. 15).— This holds the p^- 
cil that traces the dcrimn line. It may be clamped in any position 
on the datum pencil rod (fig. 18, No. 14), but it is desirable to have 
it damped near the middle of the rod. 

487. 8oale. — ^The height scale of the gauge depends upon the 
civcninferMce of the float pulley and the pitch of the pencil screw. 
These should be chosen according to the probable range of tide at 
1?K)27*— 21 ^10 
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tbe station. The foUowing table will iadlGate the propter puU^s^^ 
and pendl screw to be used : • 



Extrtme range. 


8oal& 


Float pul- 

lev GtocQino 

ference. 


III 


Less than 6feet 


1:6 

1:9 

1:12 

l:]i6 

1:18 

1:24 

1:32 


Inches, 
6 
9 
12 
16 
9 
12 
16 


InA. 
1 


From6to9foet 


1 


From 9 to 12 feet , 


1 




1 


From 16 to 18 feet 




From 18 to 24 feet .- 




7rc»n24to32feet , - 









4S8. A metal scale (fig. 19, No. 16) is attached to the gauge by 
a clamping screw at each end. Both sides and both edges are 
graduated, making four different scales of 1:6, 1:0, 1:12, and 




Fig. 20. 

1 ; 16. Any of these edges may be turned toward the main cyl- 
inder. To refer a point on the tide curve to tilie scale, th^re is 
a broad, two-pronged fork (fig. 19, No, 17), which may be slid 
along the scale. 

439. Hour-marking device. — ^The time clock is like an ordinary 
striking clock, but Instead of striking a bell it moves a )«v6r (figs. 
19 and 20, No. 18), connected with a trisiptog rod (figs. 18 and 
20, No. 19), which is supported on rocker arans about 2 inches 
above the metal scale. The pencil arm Is Jointed and provided 
with a hook which passes under or over the tripping rod. On the 
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lioor the strikiDg mechantam of the dock moves tbe lever oatrtde, 
which in turn rod&B. the trippiufir rocL The latter enga^pea the 
pencil hook and polla the pencil arm, causing the pencil to make 
a short BttQUfB parallel to the edges oi the papca:. The pencil, 
which is tracing the tide curvet is returned to position by a 
spring. 

440. Installatioii of an autonAtie tl4e gaugev— When an auto- 
matic tide gauge is to be established at a station, a flzied or pom- 
able tide staff should be set up first in order that a rough esti- 
mate of the mean range of the tide and of the reading for mean 
sea level may be obtained from a few observations. The tuUt 
sum of mean high and mean low vrater iSor any four conseeutive 
tides may be talcen as mean tide level for the purpose of setting 
the automatic gauge. (See also par. 408.) 

441. noat box.*— This should be located where the water is not 
less than sev^^al feet deep at the time of the lowest tides. The 
box should be alM>ut 1 foot square on the inside, or 1 fbot in diam- 
eter if cylindrical in shape, and long enough to reach several feet 
below the lowA«tt tides. It must be set and maintained in a ver- 
tical position to prevent tbe float from scraping against the sides 
as the tide rises and falls, and Ediould be well braced. A single 
evening from threetourths to 1 inch near the bottom of* tite box 
has. been foimd to be most sati^actory. This opening should be 
below the lowest tides and should be « located that it can readily 
be cleared out if it becomes dogged. An opening in the bottom 
rather than in the side ot the box has the advantage of being 
easily cleared by means of a stiff wire or slender gas pipe lowered 
down into tbe inside of the box* This ^lables the tide observer 
to do in a fiew minutes that which would often require the services 
of an extra man and a boat when the opening is in the side of the 
box. When necessary to remove the float attach a small clamp to 
the wire just beneath the table to prevent imwinding on the drum. 

44S. For a statUm that is to be occupied for only a short time a 
plain square wooden box made of boards or plank from 1 to 2 
inches thick is sufficient* For stations that are to be occupied, 
for several years a ^lindrical cast-iron pipe, 1 foot inside diam- 
eter, is frequently used.. To the bottom of such a pipe, if sup- 
ported several feet above the ground, .is attached an inverted 
conical-shaped casting, with a three-fourtb-inch opening in the 
apex. The chief disadvantage that has been experienced with 
this kind of pipe is the formation of rust scales, which clog the 
opening in the bottom and are often difficult to remove. Prob- 
ably the most satisfactory form of flbat box that is used by the 
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S«rvey at ^ttations where the obsenratfofis are continned for many 
years to a copper tube, 1 foot in diameter, protected by an cuter 
wooden casing; Sucti a tube should be not less than one^sixteentii 
inch thldt, as a thinner tube is not Only too frail to handle but 
would eUn) requlie more frequent reneAfVil^. A tube one-sixteenth 
inch tliick, if not located too near other metal in the water, caus- 
ing electrolysis, niigbt xeasonably be ^qpected to last for 16 years 
without renewaL Fat a longer series of observations a heavier 
tube would be more economical in the end. An inverted oonidii- 
shaped copper bottom with a three-fotlrtb-inch hole in the apex 
should be soldered to the ttbe. If this bottom, instead of being a 
true cone, were made a little one-sided so tiiat the apex came 
near the side of the tube, it would permit the hole to be cleaned 
by a slender rod lowered into the tube without removing the float 
44>; 7e prevemt freestng. — ^To prevent the formation of iee in 
the float box during cold weather and the consequent stopjpage 
of the gauge^ petroleum or kerosene has been fiequiBitly emi^yed. 
A column of oil in the float tube of 2 or 3 feet in height would 
suffice f ot ordinary latitudes, and one of 4 or 6 feet in hei^t, it is 
believed, wotild suffice for stationi^ in Alaska. For a 12-inch tube 
it will require about 6 gallons oi oil for every foot in height. If 
posssibie IJlie gauge should be located wh^e the depth at very low 
tided would be about 2 feet more than the length of the column 
of oil required. The amount of petroleum that can be used is 
limited by the di^th of the small opening in the pipe below the 
lowest tides, for when a greater amount is used there will be a 
loss timoQg^ the opening at extreme low tides. As titie specific 
gravity of kerosene is less than that of water, the surface of the 
oil inside the tube will be higher than the water surface outside. 
This height VFiU be equal to about cme-eighth of the whole column 
of oil. If a gauge has been wprtcing with ordinary sea water 
only, the introduction of petroleum in the float tube changes tbe 
Mne of flotation of the float and also the r^ation of the Curve 
to the datum line. But this will not cause any inaccuracy of rec- 
ord if the observer furnishes readings of the staff, to which tlie 
curve can be referred. In locations where there is an extensive 
land drainage, such as near the mouth x)f a large river, the 
difference between spedfic gravity of the water at the end of 
the flood and at the end of the ^b may be sufficient to cause a 
sensible periodic oscillation in the height of the surface of the 
petr(deum with reference to that of the sea outside the tube, 
thus introducing a periodic variation which is not tidal and whichi 
it would be difficult to g(4 rid of. Therefore petroleum can not 
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lie emiiloyed where tbeie is much change in the specific gravity 
of the watw. 

444. The tide heuit <fig. 21).— A roni^ house is usaalir con- 
structed to protect the gaoge from the weather aad from bein^ 
iBterfered with. HUB a Cructur e may be about 6 by 6 feet at 

the base and 7 feet 
his^ at the eaves, 
with a door and win- 
dows. It should be 
well bolted down to 
the wharf. Sometimes 
tt may be convenient 
to have the float box 
outside the house, es- 
pecial^ at permanent 
stations, as tt permits 
of easy renewals of 
the box without hav- 
ing to remove the roof 
from the house; In 
this case a sloping 
cover must be pro- 
vided for the box, 
which ftiay be hinged 
and padlocked to per- 
mit of easy access to 
the float, while pro- 
tecting it from being: 
interfered with. A 
float-tube opening in- 
side of the tide house 
should also be pi-ovided 
with a cover to prevent 
anything from being 
dropped down the tube. 
Such a cover may be 
' made of two pieces 

with a narrow silt in the center for- the float wire. For the sup- 
port of the tide gauge, a strong table or shelf about 2i feet high 
should be provided. If reasonably protected from molestation, an 
automatic tide gauge may be operated for a limited time without 
a tiouse, but protected by a box with a hinged lid with padlock 
and a canvas cover. 
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4iS. Setting up grAiige.--WheD tlie top of the float box opens 
inside of the tide house, the gauge is usually set upon tJie table 
or sli^ so that the float pulley Is directly over the float box. 
Ottierwise a seriefir of pulleys must be provided to lead ttie float 
wire to the float box. The gauge is to be adjusted so that at ap- 
proximately mean tide level the pencil arm will be near the 
middle of tlie main cylinder, tlie float pulley and counterpoise 
pulley eadi about half filled with wire or cord, and the counter- 
poise weight arranged so that it can move freely between the 
limits of extr^ne high and extreme low water. The datum-line 
pencil is to be set near the middle of the main cylinder in order 
to reduce to a minimum the error resulting from hygrometric 
changes in the tide-roll paper. These adjustments are referred 
to in the following paragraphs 

4i6. AttaehlBir Qotmterpoifte weight. — One or more fixed pulleys 
are placed overhead in such positions as to carry the counterpoise 
to one side of the house, or otherwise out of the way (fig. 21). 
The counterpoise, which is the larger one of the two weights pro- 
vided with the gauge, is attached to a movable pulley and placed 
upon a block of wood or other substance to raise it an inch dr two 
above the floor. Pass the end of the varnished fish line, furnished 
for the purpose (the bronze float wire may be used If desired), 
through the small drill hole near the inner edge of the counterpoise 
pulley and tie a knot at the end. The other end of the line is then 
passed over the fixed pulley overhead, down through the- movable 
pulley on the weight and up again to the ceiling where the end is 
fastened. After removing the block from under the weight it 
should hang just a little above the floor. - The line will be wound 
upon the counterpoise pulley by the descent of the float to the 
water. 

447. Attaching float — ^To put on the float wire. The length of 
wire required for the float, in feet, may be obtained by the formula : 

L=BC+D 

where Zf=number of feet of wire required for float. 

B=one-half the numb^ of threads on float pulley. 
0=circumf erence of float pulley used, expressed in feet 
Z)=diBtance from float pulley «to mean s^ level in feet, meas- 
. ured by the route the wire must take to the float 

448. Unclamp the float pulley by turning the nuts a very Utile, 
as too much slack wf 11 cause it to jam. Undo the end of the wire 
on the spool, holding a finger on the coils to prevent i4».£q;>rlng- 
ing off the spool, pass the wire through the small drill hole near 
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the outer edge of the float pulfey, twisting It a few times around 
itself to make tt fast. Now retolve the float pulley, holding the 
spool of wire with the other hand and keeping sufficient tension to 
wind the wire smoothly in the threads cut in the pulley. The 
number of ffeet of wire which may he wound upon the float pulley 
is 2BOs and if this is less than L wind the pulley entirely full, 
clamp it tightly to the counterpoise pulley, and measuring off 
L^2BG feet of additional wire, cut it off and fasten the end to the 
float. Some one must keep tension on the wire or hold a flnger 
on tb^ float piiUesr tsrhlle this is being done, or the wire will spring 

off the puUey. If L is less than 2BC, find ^^^""^ > which Is the 

niffiiber of threads of the float iralley to be left unwonnd when the 
wire is cut and attached to the float. Place the float in the float 
b«z, letting it down'gently until all the slack wire is used, and then 
bold tiie float pulley with frictton enough to prevent any hasty 
descent of the float to ttt^ water. At the beginning of unwinding 
the wire i^kmb the float ptiiiey hy the descent of the float, take 
care tbat th« omihtMrpoise line enters the thread of its pulley, after 
which it will take care of itself. After the float is attached the 
{KMMcoi of the gauge should be adjusted so that the float hangs 
III the cent^ of the float tube, and this position made secure by 
f^urt^^ilng the gauge to the table and the latter to the floor. 

449. Adjustment of pencil arm. — ^The pencil arm should now be 
adjusted so as to bring the pencil about the middle of the paper at 
mean tide level. It is not necessary to wait until the tide is actu- 
ally at its mean level, for knowing the difference between that 
level and the actual stage of tide the pencil may be set accordingly 
by the metal scale provided with the gaugOi If the arm is very far 
out of position, a first approximate adjustment should be made by 
roDBiBg the arm to tlie end of tlie pencil screw nearest the clocks, 
thus dis^igaglng it from the screw thread. This is done by turn- 
ing the float pulley, so that the float will rise and the counterpoise 
weli^t fan. The pendi arm should be held at this end and the 
float pulley turned either backward or forward until it lacks three 
turns of being fllled with the float wire. The pencil arm should 
be then r^eased and th^ floftt permitted to descend until it rests 
upon the water. This should bring the pencil arm within 1 inch 
of itsf proper posttion. To brtng it closer to the position desired, 
priess on the counterpoise pulley with one finger, to prevent the 
weight from turning it, a finger of the same hiand resting upon 
tiie' last^cotl df wire on tlie^ float pulley to prevent the wire from 
springing ctot of the gn^ovest then with the other hand slightly 
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unelamp the two set screws within the float puUey. Next revolye 
the coimterpoise puUey until the pencil is in the ^iesired place, 
when the float pulley is flraUy reclaiaped. 

450. Attaching tenaion weight.— This weight is attacdied by a 
ccNPd to the pulley at one end of the reoeiving ix^ler. Thii^ pulley 
has a small hole in one flange, through, whidli the end of the cord 
may be passed and Igoiotted. As with the oounterp^^se^ <:<»il, it 
is desirable that this cord also be led oyer a pulley in the ceiling 
of the tide house in order to provide as much ^^oe as possible for 
the falling of the weight By suspending the wei^ by means of 
a movable pulley its motion is diminished one-half. 

451. Starting the gaugc.—The roll of paper provided for the 
record shoold be placed on the gaofle^ as deiKribed in pasagraph 
454, the tension weight wound up, «i>d both dochs womd and set 
to the correct time. The datum-line pencdl sh^cdd be placed 
in the holder and the latter elamped near the adbddte «< the main 
cylinder^ The recording peneil i^uyuhl hei adjuated in its holder. 
The tide obs^ver wlio is to &ave charge of the station should be 
giv^i the necessary instroctions for the care and <^[iaration of the 
gauge* 

458. lUport on eitabllshanent of tlite i^tlani— When an auto- 
mat^ tide-gauge station is established* a s^^rate report ^eocrlh- 
ing the same should be fiGat to the office. Such a . report I9^ald 
include the following information: 

(a) Najne of town or place» with latitode and loBigfttude. 

(b) Name and location of wharf. A sket<^ showing location is 

deairabla 
(<^) Name of owner of wharf and a statement of avraneemaits 

made with him.. 
(4) Give position of tide staff and automatic ga«ge oa wharf. 
<«) Describe, tide staA giving dimenaiqna, limitB oC gradna* 

Uons, and a statement whether it Isportable or^ixed. 
it) If ^.portable tide staff is used, state how it is supported 

and give the reading of the tide staff j^at eorrespomte 

to the fised poljat of auppeit. 
ig) Give nuo»ber and sca)eof the a^cMaaiic gauge. 
ih) Describe the floi^t i^oK, giving dimenstons^ mediod of ae- 

curing it in position, exact. position and siae of opening 

in the .bottom and the depth of the water below this 

,<H|M«iBg. Give also Oie depth eftl:^ opening below the 

Bero of the tide ataff. . A knowledge of the exact .-positton 
. of this i^penlng is especially impcHrtant when the ifloat boK 

becomes clogged and it is necessary to dear It 
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ii) state what precautioa was taken to prevent freezlag in the 
float box. If kerosene i» used, give the. Qttantil;y. 

<i) Give a brief statement relative to the recovery of old bench 
marks and the establisliment of new ones. Complete de- 
scriptions of the bench marks are to be given separately 
in connection with tlie leveling record. 

(k) Give the date wlien the installation of the gauge was com- 
plated and the record started. 

(i) Giiw the name and occupation of the tide observer left in 
-cb^ge of the station. 

(m) Give any otiier information about the tide station that 
ms^ be important 

4tt. QiMration of aatoaatic tide gauge. — ^The observer in charge 
of a station shall visit the gauge at least once each da^ for insg^ec- 
tton and C(Hnpar|son. Every effort must be made to secure a con- 
tlBiioiui record by keeping the gauge in rimning order. When out 
of order and necessary repairs at permanent stations are pos- 
sible, tbesy must be made at once and the bill sent to the <^ce for 
payment, or paid for by the observer and an account rendered. 
Details in sudi cases must be reported to tl^ ofELce without delay. 
When a self-registering- gau£^ is maintained in connection with 
hydrographic operations in the field, a continuous record shall be 
secured by making staff readings every hour whenever the gauge 
is out of commission, and the conditions must be reported imme- 
diately to the chief of party. . 

Each day the gauge is visited the tide staff should be read and 
an entry made on the tide. roll. A statement concerning the cor- 
rectness of the time clock should ^Iso be entered, and if this clock 
is In error it should be set correct. (See par. 461.) The condition 
jof. the wind aiMi any . other matter that may affect the record 
should be. noted also. . All notes should be initialed by the observer. 
The ten^^ion weight should: be wound up each day the gauge Is 
visited. The clocks are to be wound twice a week. The tide roll 
sbould.be qhanged once a iponth. If the observations are to be 
continued for a year or more, the change in rolls should take 
place on the first or second day of each calendar montli, excepting 
the February roll for common years, which should be removed on 
March 2 or 3. These duties are described in detail in the following 
paragraphs. 

454. Placing paper on gauge. — The supply roHei\ which Is the 
one with the solid rod, is removed from the gauge and the roll of 
paper placed on it, which may b^ readily done by removing one 
of the flanges and replacing it again after the rod has heea 
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passed through the central hole in the roll of paper. The roller is 
then placed in the gauge, turning it in such a way that the loose 
end of the paper may pass firom below Inward toward the main 
cylinder. It makes no diflterence which end of the roller has the 
movable flange. The main cylinder is then diisconnected from the 
motor clock by throwing out the carrier lever from the toothed 
carrier wheel, using a slender stick or lead pencil to reach it, if 
necessary. Pass the paper over the main cylinder and insert the 
end about three-fourths inch into the slit in tlie receiving roller. 
Several turns of the paper should then be wound around this 
roller, the paper passing from the main cylinder over the top of 
the receiving roller. The main cylinder must be again connected 
witii the motor clock, the tension weight wound up, and the pencils 
adjusted. Before placing paper on the gauge, it should have 
written on the inside, at the beginning of the record, the nam^ of 
station, date, scale of gauge, kind of time used, name of observer, 
and, in hydrographlc work, the chief of party. 

455. Bemoving paper from gauge.— Place the tension weight on 
the gauge table or some other support, unwrapping by hand from 
the pulley as much cord as may be necessary. Disconnect the 
main cylinder from the motor clock. Wind up the remaining 
paper on the receiving roller, and take it from the gauge. Re- 
move one of the flanges, revolve the other flange so as to fttrce a 
little more paper into the central groove, when the paper can be 
removed from the roller. One roll of paper is sulllcient for a 
month of record. 

456. After the roll has been removed It should be rewound on a 
wooden core to bring the record on the inside and to prevent Injury 
in transit to the office. 

457. Label. — ^The label, Form 489, should then be pasted on the 
outside of the rolL First, fold a few inches of the beglntting of the 
paper down on the side containing the record, thus making a 
square, smooth edge of double thickness. Then, on the side of the 
paper which has no record, paste the label parallel to tiiife edge 
and about 2 inches from it, the Iwttom of the label being toward 
the edge. Never paste the label as a seal to keep the roll from 
unwinding, as it must not be broken to open the record. The 
label should be filled out as completely as possible. The first 
marigram or tide roll of the series should be numbered 1 and the 
others numbered consecutively throughout the series. The gauge 
number will generally be fbund on the face of the clock upon the 
tide gauge. On this label the beginning and ending of the record 
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refers to the particular tide roll and not to the entire series of 
observations at the station, as on Form 138. 

4i8. Beading tide staff. — ^Ehrery time the gauge Is visited the 
tide staff should be read to the nearest 0.05 foot, and recorded on 
the marlgram. If the water Is too rough to obtain directly a 
reliable mean reading, record both tho highest and lowest oscilla- 




FiG. 22. 



tions of the waves. The tabulator will take the mean of these 
two readings for comparison of staff and scale on Form 466. The 
exact poedtion of the recording pencil of the gauge at the time each 
staff reading is made must be indicated by an arrowhead with a 
line connecting It with the note of the staff reading. The manner 
of connecting the note and tide curve is shown In figure 22. 
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The note may be placed either above or below the curve, but it 
must be connected by a line with the exact position of the record- 
ing pencil at the time the comparisoiifi aiie made. 

At the time the above note was made the recording pencil was 
at the pctot in the curve indicated by the arrowhead, and only that 
part of the cmrve to the left of this point was completed. The por- 
tion of the curve to the right of the arrowhead was made after the 
note had been entered. 

459. Time oompavisou 4nd olooki. — ^The observer should have 
some means of obtfUning correct standard time. There are two 
clocks on the automatic gaiuge now in general use ; one, designated 
the motor clock, which merely ccmtrols the mov^nent of the main 
cylinder and paper; the Mher, which is on the left haiMl i^teu 
facing the clocks, is designated the time clock, and makes the 
hour marks on the curve.- The time indicated by the motor clock 
is of no consequence ;. It is sufficient if this clock moves with ap- 
proximately uniform spee^ The time indicated by the time clock 
and also the correct time and date should be recorded on the 
marigram near the staff reading, on each Visit to the gauge. 

460. A rubber stamp oi:. the proper form for these notes is fur- 
nished to each regular observer. After this note has been nwde 
on the marigram, the time diock, if wrong, should be corrected. 
The fact of thiis correction is indicated in the nole^oif Cheiftafi- 
gram by the word " corrected." Jf no correction is necessary, the 
word " correct " may be used instead. Figure 22 shows the proper 
form for these notes. c. 

461. The clocks on the ^auge mny be corrected as ordinary 
clocks, by turning the hai>ds forward or backward ; but the hands 
of the time clock must ^ot be turned backward when the minute 
hand is between 10 mdiutes before the hour and 5 minutes after 
the hour, as it would probably injure the hour-marking device. The 
regulating device' is similar to that on ordinary clocks. Both 
clodW'flrtrtmrd be wound regularly twice a week, care being taken 
not to wind them too tightly. 

M2. ZeasioB wfadg^tr-This welghi:, which winds the Pf^par on 
the reeedfcving roU, ahcMild he wound up every day that the.gauge 
is visited.' It is copneoj^ed wiUi tM. receiving roll by pawl and 
ratchet^ ^d while windhig ,lt up with one hand the receiving roll 
must he h^d steady with the iQther. hand* 

463. sPeaieilft.r-The6e should b(^ examined f requ^itly. The datum 
pencil points furnished for the gauge are usually too long and 
should be broken to the proper length. The point should be care- 
fully adjusted so as to make a distinct line and still not tear 
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th6 paper under linfiiyorable conditions. It should project about 
one-sixth inch from the holder, and thi« adjustment can be kept 
by screwing down the cap a little from time to time as may be 
necessary. When the holder is lifted to remore or put in paper, 
care must be taken not to lose the lead from the brass hinder. For 
the recording- pencil that makes the tide ciurve, a good quality of 
No. 2 pencil is best* Thi» should be kept car^TuUy ^larpened 
and adjusted in its holder. Upon this adjustm^it depends the 
efficiency of the hour-making device. It should be such that the 
hook attached to the pencil hinder will Just clear the tripping 
rod. 

464. Lost record. — If any portion of the record is lost from any 
cause, move the paper forward a few inches before starting the 
gauge again. To do this the main cylinder must be disconnected 
from the motor clock in the manner described in paragraph 454^ 
but the cylinder must be held steady with one hand when dis- 
connected, as otherwise the paper would be Jerked forward by the 
tension weight. This may be done by placing the hand on the 
paper over the main cylinder. 

469. Changes, in adJustxnent.-^After an automatic tide gauge has 
been properly set up, changes in the adjustment ef the float pulley 
or in the position of the datum line should be avoided unless 
actually necessary ; and when any change is made» a note of the 
fkct and the reason for the change should be inmiediately entered 
on the marigram. • 

466. Cleaning the peneil screw. — ^The pencil screw must be 
cleaned from time to time, otherwise the pencil arm may be raised 
from the paper on a falling tide, or pressed so firmly against the 
main cylinder ou a rising tide as to tear the paper, ^ther accident 
causing a loss of record. A small rag moistened with gasoline 
passed around the pencil screw and drawn back and forth several 
times will keep it clean. Never put oil on the pencil screw, as it 
soon catches dirt and makes it worse than it was before. 

467. Operating troubles. — Some of the difficulties likely to be 
met in the operation of an automatic gauge are : 

Failure to keep the float box in a vertical position, causing the 
float to scrape on side of pipe. 

Breaking the float wire, which is nearly always due to sharp 
bends or kinks In the wire when it is slack ; a new wire should 
be put in, rather than to splice the old one. 

Vibration of pencil on record ; this Is due to too large openings 
in the tide box and if serious may require repair of box. . 



Digitized by VjOOQIC 



168^ GENBRAL INSTRUCTIONB FOR FIELD WORK. 

FaUui-e of gauge to record full range of tide^ as shown by com- 
parison with staff readings; this is due to clogging of openings 
in float box, and is likely to render the record worthless, and calls 
for immediate examination of box and clearing of openings. 

Jamming of paper rolls, due to paper not running true; rolls 
should be examined to see that they are in their right position, 
and paper rewound if necessary. Often the paper can be slipped 
away from the flange by hand. 

Failure of hour-marking device. This is usually due to lack of 
proper adjustment of the recording pencil, causing too much space 
between the tripping rod and the hook attached to the pencil 
holder, or causing the hook to be Jammed too tight against the 
rod. The adjustment should be such that the hook Just clears 
the rod. If the trouble is due to the time dock itself it may be 
necessary to remove the clock and have it repaired by a clock 
maker. 

468. Tabulation of tide records. — ^In order to establish uniformity 
in the records to be flled in the office, the tabulations should be 
neatly made in black ink and in accordance with the forms as 
outlined in the following paragraphs. For interpolated values to 
fill in gaps caused by lost record, red ink is generally used. In 
all forms in which both sides are to be used and in which there is 
a difference in the width of th« left-hand margin on tlie two sides, 
the side having the wider left-hand margin should be taken as 
the front or first page of the sheet and be us«d in beginning the 
tabulations on that sheet. In all the forms the heading on the front 
side of each sheet should be filled out as completely as possible. On 
the back of the sheet the name of the station and the year and 
montli of the observation should be rq^ated. The words " Party 
of" or "Chief of party" may be taken as equivalent to "Ob- 
server" when the latter has charge of the tide station. On the 
label of a tide roll, the dates of the beginning and end of observa- 
tions refer to the particular tide roll only, but in the headings of 
the forms f<* the tabulation of these rolls these dates refer to the 
entire series of the observations at the station. If the observa- 
tions are still being continued at the time the tabulations are 
made, the space after " Observations end " should be left blank. 
In the tabulations, the hours of the day are to be designated con- 
secutively from 0^ (midnight) to 23^ (11:00 p. m.), thus avoiding 
the terms a. m. and p. m. Before tabulating a marigram or tide 
roll the following preliminary work is usually necessary: 

409. Harking the hours. — The time notes should be examined 
and if it is found that the time clock never varies more than 
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three minntes from the correct time, the small horizontal hour 
marks automatically made hy this clock may be acc^ted as cor> 
rect and marked accordingly. The hour itself begins at the in- 
stant the mark leaves the curve, and no account need be taken 
of the length of the stroke. These marks should be numbered 
consecutively from (midnight) to 28 (11:00 p. m.), and the 
numbaring should be checked at each time note on the marigram. 
470. In cases where the hour-marking device has failed to work, 
or when the hour marks are unreliable on account of the time 
dock being more than three minutes in error, the following 
method may be used: First: From the time notes ascertain the 
position on the curve of the nearest exact hour. This may usually 
be best acccttnpllshed by laying off 1 inch on a piece of paper and 
subdividing it in 12 equal parts. The inch, measured parallel to 
the datum line, will r^resent one hour on the tide curve, and each 
of the subdivisions will represent five minutes. This is known as 
a time scale. The correct time of the point on the curve indi- 
cated by the time note being known, the nearest exact hour may 
be readily laid off by this little scale. Second: Draw lines through 
the points indicating the exact hours perpendicular to the datum 
line and extending across the paper. Third : Prepare a strip Of 
paper somewhat longer than the greatest distance between the 
tune notes on the marigram, pasting successive pieces together 
if one is not long enough. On one edge lay off equal divisions a 
little greater than 1 inch long, and if made about 1^ inches long 
they will generally be about right. These divisions should be 
numbered consecutively from 6* to 28*, and then from 0* to 23"*, 
repeated as often as may be necessary, the last division ending 
with any hour. In general it will be convenient to start the num- 
bering with 6** at the left-hand end of the scale, as the time notes 
v^ll seldom be made at an earlier hour in the morning. This 
strip is known as a divi4ing ^edle. This scale fs then adjusted 
obliquely between two consecutive cross lines passing through the 
correct hour points, so that the numbers on the scale will agree 
with the hours represented by the cross lines. With the scale 
in tills position, held fast from slipping by paper weights, each 
division may be marked on the marigram or tide roll by a dot. 
Fourth : By means of a square and a straightedge placed near the 
bottom of the paper and parallel to the datum line, these hour 
dots may be readily referred to the tide curve and indicated by 
vertical lines crossing the curve. These hour lines should be num- 
bered In the same manner as the hour marks that are made auto- 
matically by the machine. 
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471. (tampamtlTe xeadJjigs (Form 4^, fig. 23).— Tbls form is 
Qcied to obtain the relatioQ between tbe «cale of an automatic tide- 
gauge record and tlie fixed tide staff. It is fundamental and of tbe 
greatest importance, for upon it chiefly d^>eads tiie accuracy of 
the referenoe of all tide planes to fixed bench marks^ so that they 
may be recovwed at any future time. The work must be 
thoroughly checked by the observer so as to remove all acci- 
dental errors, for any mistake made here will affect all tabula- 
tions for tlie month* 

478. The soale reading of tho datum Hue for the compazlaoa may 
be taken at any arbitrary number,, but for convenience and to 
avoid negative differences it is desirable to have it such that the 
scale readings of the curve will be from 1 to 1^ feet less than the 
correfli>onding staff readings^ The reading scales are usually 
made of glass or celluloid and are graduated to rei^reseut feet 
and tenths. The foot divis^eois may be immbered with ink as 
desired. To choose an original scale setting tot the datum line, 
place the scale with one of the foot divisions on the datum line 
at a point where a staff comparison is noted, and then number 
the fbot divisions of the scale so that the point on the curve will 
read by the scale about a foot less than the staff reading. It 
would be well to test this same setting with several notes. The 
number of the foot division on the datum line wUl be adopted as 
the original scale setting and entered in the lieading of the form. 
In using a glass or c^luloid scale the side on which the division 
lines are cut should be kei^t down next to the paper. The num- 
beHug of the divisions should be written with India ink on the 
upper surface. On the underside of scale draw an india-ink line 
across the scale through the foot division that is to be used as 
the datum line. 

478. Prepare tidt>le of comparative staff and scale readings on 
Form 455 as in the acconipanying sampla Staff and scale read- 
ings should both be given to two decimals of a foot, but it will 
be sufficient to give merely the nearest 0.05 foot. The scale read- 
ing is subtracted from the staff reading for tlie difference. If 
the scale reading is lai^r than the staff reading, the diffetencc 
will be negative. 

474. If the gauge has run without any accident, the differraices 
"A-B" for the marigram ought to be approximately equal; but 
if there has been any change in the machine, such as moving the 
datum pencil, breakage of float wire, or increase of kerosene in 
float tube, etc., the differences will form distinct groups, one set 
of differences for each adjustment of the gauge. 
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TIDES: COMPARATIVE READINGS. 
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475. In case there has been no change of adjustment during the 
month, examine the differences carefully to see that they agree 
fairly well with one another. Small variations in the differences 
are to be expected, but If any one of them Tarles by half a foot 
(0.50) or more from the apparent average, revise the difference 
and also the scale reading. If both are found to be correct, an 
error must have been made in the staff reading, and a» this can 
not then be corrected, the difference must be rejected, which is 
done by making a pencil line around it, and that difference is 
then omitted from the computation of the mean difference. 

476. In case there has been one or more changes in the adjust- 
ment of the gauge during the month, consider each set of dif- 
ferences by itself, and proceed as in the preceding paragraph, 
omitting accidental discrepancies. 

477. Sum all those differences which are approximately similar 
and obtain their mean by dividing the sum by the number of 
<lifferences used, carrying the qvotient to two decimal places. In 
case a change was made in the a^ustment of the gauge there 
may be two or more separate means required for the month. In 
either case, the mean difference plus the scale reading of the 
datum line for this comparison is the true setting of the scale on 
the datum line for tabulating high and low waters and hourly 
readings for the period covered by the uniform differences. Erase 
the temporary mark on th« scale which wa» «secl for Fdnu 455, 
and mark the true scale setting with India Ink on the lower side 
of the scale, if transparent; or on its upper side, ff opactue. Be- 
fore using this mark it should be tested by seeing that when this 
mark is set on the datum line the scale reading of the curve will 
be nearly the same as any staff reading. 

478. Tabulation of high and low waters (Form 138, figa 24 and 
25). — This form is used for the tabulation of high and low waters, 
whic* may be eith«- read from the tide curre made l^y an aoto- 
niatic gauge or taken from plain staff readings as recorded in 
a tide book. The times are to be expressed in hours and tenths 
instead of hours and minutes. This is the general practice in 
the office work, and has been found t© save considerate time 
in the computation of the lunftldal Intervals: CHae-tentti of an 
hour is equivalent to six minutes, which is as close as an ob- 
served high or low water can usually be determined. The fol- 
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ua 



U.9 



4,a 



-2»a. 



.^A 



ai.a 



la^L- 



UauX 



X-a^ 



ilOJU. 



ll.Q 



-Z^^L 



jLi: 



-22.4. 



ll^fl- 



ia.fi_ 



f.a> 



XAfll 



-1^ 



JL± 



lioja 



-a.fi- 



lo^a- 



JUL 



aoaft- 



iA^fl- 



Ltai- 



XJun 



-Ml 



.4»A 



iU«Al 



lAkA^ 



-IJL. 



iOJL 



JEJL 



.a^ 



JILA- 



ULax. 



XJ^ 



Jk4l 



AA. 



..flJI. 



mx. 



-AJft- 



injt. 



JU5. 



AA. 



i«MX 



^ 



Sa 



*^ 



A.iai^ 



Jwaa. 



.4»aaL 



^^^9$ 



AOBl. 



j^JSL 



SJSBl. 



.AJQ. 



MJOl 



Dn'll^^frlW 



JLiA. 



JLM. 



SJtL 



JttHJC 



-fiki. 



loa- 



.au- 



iflUA- 



-1^ 



JLJL 



Xii^aX 



auA- 



ju«a- 



C^aX. 



XJkaX 



-a^ 



-8»a. 



TrtiMirftt iftw. 



iia- 



.jAJU 



.aja- 



-ja. 



-** 



■a»a. 



Inii a. 1*11 



iia^AX 



ia.o c a.1) 



4-aaX 



-a»a 



-••«- 



Hdtt. 



FIO. 25. 
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lowing tables give the equivalents of the mlnntes in tenths of 
an hour: 



Minutes. 


Tenths 
of hour. 


ICiimtes. 


Tenths 
of hour. 


ICiimtes. 


Tenths 
of hoar. 


Examples. 


Oto 3 
4to 8 
9 to 15 
16 to 20 


0.0 
.1 
-2 
.3 


21 to 27 
28 to 82 
33 to 39 
40 to 44 


0.4 
.5 
.6 
.7 


45 to 51 
52 to 66 
57 to 50 


0.8 

.9 

1.0 


h, m. hrt. 
4 02-4.0 
4 81-4.5 
4 50-4.8 
4 58-5.0 



479. The heights should usually be referred to the zero of the 
tide staff, and should be given in feet and tenths of a foot. If 
the position of the tide staff has been changed during the observa- 
tions, the heights should all be referred to the zero of one of the 
staffs, and a full explanation given in the column of " Remarks.*' 
Any point of an automatic tide-gauge curve is readily referred to 
the zero of staff by using the true or corrected scale setting, as 
<!alculated from the comparative readings (par. 477) on the datum 
line. 

480. When the series of observations is less than 6 months the 
high and low waters should be tabulated In groups of 29 days 
«ach, beginning each group on the first line of the front side of 
a sheet Allow two lines for each day, which will enable 17 days 
of record to be tabulated on the front page, and the remaining 
12 days of the group will be tabulated on the back of the form. 
If any part of the record is lost, leave vacant lines for missing 
tides. If the series is longer than 6 months, the high and low 
waters should be tabulated by calendar months. Begin each sheet 
with the first of the month, and after 29 days have been tabulated, 
place the remaining days of the month below the long black hori- 
zontal line near the bottom of the back of the form. For February 
of common years, insert March 1 after February 28 in order to 
complete the 29-day group. The high and low waters for March . 
1 should be repeated at the beginning of the sheet for March. 

481. The method of representing the year, month, and days is 
shown in the specimen forms that follow. The repetition of the 
name of the month In the date column on the same side of the 
>{heet is not desired ; and although two lines are allowed for each 
<3ay, the day of the month Is written only on the first of these 
lines. GeneralUy, the morning tides are entered on the first line 
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$^4 tiie jetft^rDA^QO (U0qs qh the se^gQd line for eiLch day. A tl4^ 
occurring at midnight (0'') is taken as belonging to the mprgipg 
of the day Just beginning. While tabulating the times and heights 
of the high an4 low waters, the colqinns of " A|oon's transits '* |Uid 
"Ljunitidal intervals" are left blank. These are to be filled in 
afh^wards in case Uie redactions described ii^ paragraph 4S3 are 
mafle. 

488. Afjter th« timtes an4 hejg)its l^ave Ixeten ta^ulate^^, the high- 
est and lo\9^Sjt tide occurring during the entire month, or daring 
the period represented by the sheet if the tabulations are not 
made by calendar months, should be selected and entered in the 
heading on the back of the sheet. If during this time the observer 
was unable to obtain a complete record because of some abnormal 
weather conditions, an estimation of the height of an extreme high 
water or extreme low water referred to the tide staff may be made 
from the evidence at hand and an explanation entered in the 
column of ** Remarks.** 

483. Tabulation of hourly readings (Form 362, fig. 26). — ^The 
heights in this form should generally be referred to the zero of 
the tide staff, and should be expressed in feet and tenths of a 
iPoot. When heights are taken from a tide roll they are readily 
referred to staff by using the corrected scale setting on datum 
line (par. 477). The month and day of month are to be indi- 
cated in the spaces provided. The name or abbreviation for the 
month should be written only once on a page, except that the 
month should always be given for Its first day. The series may 
begin at any time and th^ days are to be entered consecutively 
without regard to calendar months or to time of cljanging tide 
rolls, seven days to the page, and using both sides of the form. 
Aftjer a year of observations has been completed a new series 
should be started. If any part of the record is lost, unless it is 
grjeat enough to breal? the serjes into separate parts, blank spaces 
should be left for the missing tides. In the space after the " Day . 
'of series,** the days are to be numbered consecutively, 1, 2, 3, 
etc., throughout the series, without regard to the ujontlj or day 
of month. 

il$4. As stencils ^re to be used in connection with this form, it is 
iwportftftt that tfte heights be syritten in their proper spaces Jn the 
cplijmnfi hpade(J "Feet** and in the lines opposite the number of 
tbe hour. In the form, tl^ese columns have the. decimal points- 
already printed. The columns without the decimal points are to 
be left vacant. 
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1 •.J2;:is3r,:!sr' tSST^S^^^heights 


'«ir:J 


•^ 


CIMif Italy. ^ 


l>h^ J, Vf^^R^^ T^ Jir«! ¥• . , ! 


17*M» f 


TinM Mcmiiaa- 


laOth V T,Am nmn«a Kr^ 7A ftn.U 1 • IQ 1Liu1../../1 lA fti.ff Jl 




,.-*. H 


Dky 


>M ^ 


4. 

t 




4 
4 


4. 


4. 


4. 
f 


lOBtal 


i*Ki 


183 


IM 


165 


186 


187 


188 


189 


'^r 


r»S 




y«; 
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/v*». 
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fW. 
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>A 
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■ " 
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ft.9 
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4 1 




4fr4 




tl.9 








8.R 
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4 


h 1 




^.fl 




A.I 
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4.1 




fff 


















' 






















-Wi 




9fA 




3. a 




iJl 








it.n 




ItfO 




ai.1 




































?-4 




?t9 




9,4 




f,j^ 








4,0 




S9 




WW* 




































4,4 




4il 
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4 4 












M 








































rui 




Vfl 




4.S 




4.3 








4.9 




n,n 
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^1 








KfA 




f%P 








f^O 




AfQ 




IMti* 


































10 


9-A 








6tl 




IL A 






■ 


4.8 




fi,4 




4a-i 


































11 


7.8. 




aL 




ftaff 




*.« 




m. A. 




4iS 




A. A 








































7^ 








7.9 




•tl 








4,0 




4,7 




4%.A 




































-£jl! 








'^^ 




9,4 








7,4 




7a 9 




!i<^A 












































7^0 




7.4 








7.11 




7.9 






































li 


A, /I 








A.« 




7,1 , 








7.8 








^1** 


r^ 
































. .. 


^^ 








It.X 




« 4 








9. R. 

7,0 




• 9 






r^ 
































n u 


A.f 








fttif 




^4 




4,7 




7.1 




7,9 




. 4Z.0 


r 






~9*m-^ 
















■^ 












J, J 








A « 




A « 




4,4 




> fi. t 




't? 




^« 


(...» 






















••• 












B.O 








4,7 




4,4 








4,4 


■ ' 






4^.4 




































^ff 








T»3. 




7,0, 








^1 


1 1 1 


JkO-H 




4n-* 


































1 • -^ 


tl 








*tP 




*t4 








4,1 




B,9 




^.ft 


1 M^ -■ 


























***"1 






^"« 


*rA 




MtO- 




a.A 




fa 9 








-4t9 








' n?^ 








"STT" 


























v-H-j 


-laL 




Xft. 




JLiL. 




JLl^ 












•ft*9~ 




— SAM 


8«a. 


i84j: 


1S3.1 




L98.4 




LS3.3 




LflS.4 




L54.3 




LSS.0 




1076.9 i 


1 8«lorMdm.lt.»irf - IMTkor-«M;»MnA>rSt4i9». || 



. DMtJtafr.JUAii 



Fig. 26. 
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485. When the record is to be continued for many years it is 
^aerally divided into series of 36d days each, oommencing on the 
1st day of January of each year, the last three or four days of 
one series being repeated as the first days of the following series. 
As a cheek on the arrangement of the days in the form, the fol- 
lowing table gives the page, column of page, and day of series, 
for the first of each calendar month, when the series commences 
with January 1. This table is not applicable to a series beginning 
on any other date than the 1st of January. 



Cammon year. 


Leap year. 


Month. 


Page. 


Col- 
umn. 


Day of 

series. 


Month. 


Page. 


Col- 


^^ 


Jan. 1 
Feb. 1 
Mar. 1 

^'y 1 
June 1 
July 1 
Aug. 1 

Nov. 1 
Deo. 1 
Dec. 31 
Jan. .4 


1 
5 
9 
18 

IS 

22 
26 
31 
35 
40 
44 
48 
63 
63 


1 
4 

4 
7 
2 
5 

7 
3 
6 

1 
4 
6 
1 
5 


1 
32 
60 
91 
121 
152 
182 
213 
244 
274^ 
305 
335 
366 
369 


Jan. 1 
Feb. 1 
Mar. 1 

Apr. 1 
MAy 1 
June 1 
July 1 

Nov. 1 
Dec. 1 
Dec. 31 
Jan. 3 


1 
5 
9 
14 
18 
22 
27 
31 
35 
40 
44 
48 
53 
53 


1 
4 
5 

1 
3 
6 
1 
4 
7 
2 
5 
7 
2 
5 


1 

32 
61 
92 
122 

ii 

214 
215 
276 
306 
336 
366 
369 



486. If the series of observations is to be less than four years 
long it is usually best to begin on the first complete day of rec- 
ord as the first day of series. After 369 days have been tabu-- 
lated, a new series should be commenced on the same month 
and clay of month as the first series, the last three or four days 
of one series being repeated as the first day of the following 
series. 

487. At permanent tidal stations the tabulated hourly readings 
when complete are to be summed both vertically and horizontally 
and the results written in the spaces provided on the form. The 
total of the horizontal suras on any page must equal the total of 
the vertical sums, and this total page sum should be written in 
the proper space near the lower right-hand corner of the form. 
If any of the columns are incomplete because of lost record, the 
missing readings may be estimated by interpolation, and entered 
in the form with red ink to distinguish them from the actual 
observed readings. Generally if the tide observer does not under- 
stand the method of interpolation, he may leave this part of the 
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work to be done in the office. In this case he should enter the 
sums of all incotnfdete lines, colcinms, or pages, with lead pencil, 
in order that ttiey may be modified after tlie interpolations have 
been made. The final sums are to include both observed and 
interpolated readings. A tide observer who tabulates his own 
records Should send to the office only those pages of Form 362 
which have been «itirely completed so far as his gauge record 
will permit, retaining any partially filled form to complete when 
the record for the following month is removed from the gauge. 

488. Interpolations. — ^Before beginning the reductions, If any 
portion of the record is lost, it is desirable that the missing tides 
be supplied by interpolation. Interpolated tides should be written 
in red ink or else inclosed in parenthesis to distinguish them from 
observations. If only a few tides are lost, plot time and height 
i^pon profile paper for a number of days before and after the 
break, leaving ispace for the missing tides ; connect the alternate 
tides with curved line, which must be extended across the gap 
on the plotting as nearly as may be In accordance with the ap- 
parent law of change in time and height. There will usually be 
eight distinct curves — ^four for height and four for time, including 
both high and low waters. In order to prevent the curves from 
becoming confused by intersecting too much, they may be plotted 
upon scales which are dropped one below the other. 

489^ If there is a simultaneous series in the vicinity the missing 
tides may be mipplied by comparison with it. 

490. If the series is l<Hig enough take the means of the times 
and heights occurring 29 days before and 29 days after each 
missing tide, smoothing out the results by plotting. 

491. In some cases a direct linear interpolation will suffice, espe- 
cially when oniy a few tides are missing. In this mode of inter- 
lM)lation divide the difference between the times of alternate tides 
and also that of the corresponding heights by one more than the 
nvmber of missing tides and add the quotient to the preceding 
time and heights. If it happens that one of the tides occurs near 
noon or midnight, it may chance that only one tide of that phase 
occurs in ttie civil day, and care must be taken to allow for this 
in counting up the number of missing tides. 

482. Kcduotion of tide records.— To obtain tidal constants and 
tidal da turns for any station, the tabulated tides, together with 
intervals and ranges depending upon them, must be reduced to 
their mean values. The mean of a series of items is obtained 
by dividing the sum by the number of items included in that 
sum. In order to secure uniformity, the spaces for the sums are 
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ganemliy indicated in Uie torms, oiKi tb/e fiQmber o£ Iteips iu- 
clfBtCM in eadi sum sboiUd usually l»e writta» U» ^mUl figures 
just at)ove the siun» aa iiidieated in tbe ^pec^mana of Form 1S8 
ip^ le^ldi). In tJia tai)DlaUoQ8, the imUviaual tiiaea ana 
h^gbta are givetQ to one decimal place, but in obtainiug the 
meana the resulta should be carried to two deeiuial idaces. The 
last dediual figure should be tak^x to the iieaj?est huodreOth* 
but it the reuiaioder e^ould be exactly o^e^hi^f e£ tha divisor/ 
the second decimal should be made even, if niDt already even, by 
adding one. The means dii^ectly obtained lequire eerUin oer- 
rectionsi which are explained in the following paragraphai. 

489. Xiiudtldal intenraU (Form 13$).^Thi8 computation is made 
directly on the form on which the high and low waters have been 
tabulated. 

First: The moon*s transits for the meridian of Greenwich are 
copied in the column provided tor the purpose* If the transits 
are obtained from an almanac, care must be talten to refer them 
to civil time and to convert the minutes into tenths of an hour. 
Photostat copies of a table of transits expressed in hours and 
tenths, Gre^iiwlch mean civil time, may be obtained twm the 
office. The times inclosed by parentheses are for the lower 
transits of the moon, the unmarked ones being for the WP^^ 
transits. They should be similarly indicaibed in the copy. 

Second: Subtract from the time of each hi^ and low witter 
the time of the first preceding moon's transit, and write the dif- 
ference in the appropriate column on the same line as the tide 
from which it was obtained. In case the time of high or low 
water is nearly the same as that of tiie moon's transit, take the 
transit which precedes the tide by about 12 hours, but in no case 
must the same transit be used for two consecutive high waters 
or for two consecutive low waters. The lower transit of the 
moon applies to both high and low waters, just the same as the 
ui^r transit does. When the time of the moca's transit is on 
one day and the following high or low water is on the next day, 
the time of this tide must be Increased by adding 24 hoars before 
attempting to subtract the time of the transit. The high-water 
intervals will usually be approximately six hours greater or less 
than the low-water intervals, but tl\e intervals for each phase of 
tide will rarely vary among themselves more than several hours. 
Intervals from the lower transits of the moon are to be indicated 
by parentheses. 

Third : 6um both columns of the intervals for 29 days, placing 
the results in the spaces provided on the back of the form. 
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F#m^; OM:«te tli» metam l>y dividing ^f^h ^nm Ipgr tbe puwtoer 
of i»|:efr)^Ai;^ eomi^Ji^ t^Q obtfiiA Ui e«rrying Jtbe resuMs to tW4> 

yJi$M tof U>w tiM9 seeoo^ horizont^ black line nmx the 4>ottoitt of 
t^ lj»nu. T^e Qorrected bii^w^ter UM^eryal tims obtaJJM4 to 
ta9WA «ilao «Mi Ukb oorreet^d ««ta|>iJljsi)uQ«nt of the port 

484. Coneetloiis for Innitidal intenralt.— The itrua l!»i^tl<d«i ia- 
terviil is the difference betweep the meaa local time of the tide 
and the mean local time of tlie moon's transit over the local 
aMntdlon. Bat oft acoonnt of tht use of Btandavd time instead of 
loeal time aJMl the lncoKv«ii«nee of ehmgiiiK tb« moon's tfaniits 
to the local meridian, it is custoooavy to compute fletitiooii 
Iimi^MlU W^^Tvvil^, which ar^ the d|ISereQO^ hetfi^a t^ standard 
time of the tide and the Greenwich time of the moon's transit 
orer the meridian of Greenwich, and then correct the mean once 
for all, thus saving considerable work. 
Let L =west longitude of station in degrees and decimals. 

8 =west longitude of time meridian used for tides. 

fif' =west longitude of time meridian used for transits. 

X —correction to lunitidal intervals in hours and decimals. 
Then the correction for lag of the moon is — 

(1) ^^^24£412-24^0000 (^s'-L)=0,(Xf23Sm i8'-L) 

360 
The correction for reduction of standard time to local 
time is — 

24 

(2) X,=^(S-L)=0.06e66e67(fif-L) 

Combining (1) and (2) gives— 
(8) X=0.06666e67 (fif-L) + 0.00233667 (ig<-L) 

When Greenwich transits are used S'^O"*, and— 

(4) X=0.06666667 fif-0.06900334 L 

When Greenwich transits and mean local time are 

used 
L==fif, and (4) becomes— 

(5) X= -0.00233667 L. 

495. The following table has been computed from formula (4) 
for west longitude. For east longitude reverse the signs in this 
table. 
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486. It is directly applieable when standard time ha^ been used 
for the tides. Take the correction for the degrees of local longi- 
tude from the column headed by the time meridlah used and add 
to this the correction for the minutes of local longitude. The 
latter part of the correction is independent of the time meridian. 

487. For any other time meridian St the table may be adapted 
by using the nearest standard time meridian (8) of the table, pro- 
ceeding as before, and then apply the following correction to the 
result from the table: 

X= ±0.06667 (8i- S)\ + for west longitude, — for east longitude. 

^8. When transite for the meridian of L' aee used, the table 
may be adapted by proeeedtng as before mad ap^ifi« the follow-* 
ing correction to the result : 

X== ±0.00234 Z', + for west longitude, — for east longitude. 

499. When mean local civil time and Greenwich transits are 
used, it is probably more convenient to use formula (5) inde- 
pendently of the table. 
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Correction far lunitidal intervals (in hours and decimals). 
[For west longitade use sigD giyen ; for east longitude reYerse sign.] 



Time meridian, 


Ttme mertdlan, 


Ttme meridian, 


Time meridian, 


0% 


16-. 


ao«. 


45«. 


Longl* 


Correo- 


"^ 


Gorreo- 


LODgt^ 


Goneo- 


Longi- 


Correc- 


taSS. 


tiOD. 


tion. 


tSfe 


ticfl. 


tude, 


tion. 


o 


Hour. 


• 


Hour. 


• 


Bow. 





Hour, 






5 


+0.655 


20 


+0.620 


86 


+0.686 






6 


+ .586 


21 


+ .651 


86 


+ .616 






7 


+ .517 


22 


+ .482 


37 


+ .447 






8 


+ .448 


23 


+ .413 


88 


+ .378 






9 


+ .379 


24 


+ .844 


89 


+ .309 






10 


+ .310 


26 


+ .275 


40 


+ .240 






11 


+ .241 


26 


+ .206 


41 


+ .171 






12 


+ .172 


27 


+ .137 


42 


+ .102 






13 


+ .103 


28 


+ .068 


48 


+ .038 






14 


+ .034 


29 


^ .001 


44 


- .036 




0.000 


15 


- .036 


30 


- .070 


46 


- .106 




- .009 


16 


- .104 


31 


- .139 


46 


- .174 




- .188 


17 


- ,173 


32 


- .2D8 


47 


- .248 




- .207 


18 


- .242 


33 


- .277 


48 


- .312 




- .276 


19 


- .311 


34 


r- .846 


49 


- .381 




- .845 


20 


- .380 


36 


- .415 


50 


- .460 




- .414 


21 


- .449 


36 


- .484 


61 


- .619 




- .483 


22 


~ .618 


37 


- .663 


52 


- .688 


8 


- .552 


23 


- .587 


38 


- .622 


53 


- .657 


9 


- .621 


24 


- .666 


89 


- .601 


64 


- .726 


10 


- .690 


25 


- .725 


40 


- .760 


55 


- .795 


Timen 


leridlan, 


Timen 


leridian, 


Timen 


leridian. 


Time meridian, 


« 


)•. 


7( 


J*. 


9( 


r. 


106*. 


LODgl- 


Oorreo- 


Longi- 


Correo- 


Longi- 


Ckwreo 


Longi- 


Coireo- 


tode. 


tioa. 


tude. 


tion. 


tude. 


Uon. 


tude. 


tion. 


« 


Hour. 


s 


Bour, 


■ 
• 


Hour, 


• 


Hovr. 


50 


+0.5S0 


65 


+0.616 


80 


+0.480 


95 


+0.446 


51 


+ .481 


66 


+ .440 


81 


+ .411 


96 


+ .376 


52 


+ .412 


67 


+ .377 


82 


+ .342 


97 


+ .307 


5* 


+ .343 


68 


+ .808 


83 


+ .278 


96 


+ .288 


54 


+ .274 


09 


+ .239 


84 


+ .204 


99 


+ .169 


55 


+ .205 


70 


+ .170 


86 


+ .136 


100 


+ .100 


50 


+ .136 


71 


+ .101 


86 


+ .066 


101 


+ .081 


67 


+ .067 


72 


+ .082 


87 


- .008 


102 


- .038 


58 


- .002 


73 


- .037 


88 


~ .072 


108 


- .107 


60 


- .071 


• 74 


- .106 


89 


- .141 


104 


- .176 


«0 


- .140 


76 


- .176 


90 


- .210 


105 


- .246 


01 


- .209 


76 


- .244 


91 


- .279 


106 


- .314 


02 


- .278 


77 


- .813 


92 


- .348 


107 


- .383 


63 


- .347 


78 


' .883 


93 


- .417 


106 


" .462 


64 


- .416 


79 


- .451 


94 


- .486 


109 


- .621 


65 


- .485 


80 


- .520 


96 


- .656 


110 


- .500 


60 


- .554 


81 


- .589 


96 


- .624 


111 


- .659 


07 


- .623 


82 


- .658 


97 


- .693 


112 


- .728 


08 


- .692 


83 


- .727 


98 


- .762 


113 


- .797 


69 


- .761 


84 


- .796 


99 


- .831 


114 


- .866 


70 


- .830 


86 


- .806 


100 


- .900 


115 


- .986 
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Correction for lunitidat iirt&i'mts—€ont\nvie6. 



TiB»BiefidiMi,iaO*. 


Time mecidiaiu 135*. 


Time meridian, 150«. 


Longitude. 


f 

Conection. 


tdttgitiide. 


Correctiollti 


LoDglttide. 


CoAtectlon. 


« 


' Bout, 


tf 


ff&9t 


• 


fh^. 


lt& 


+0.4»0 


m 


+0.87J5 


140r 


+0.34# 


111 


+ .341 


126 


+ .306 


\% 


+ -21 


112 


+ .272 


127 


+ .237 


+ .ao!r 


113 


+ .96^ 


128 


+ .168 


14» 


+ .183 


m 


-i-.iatt- 


129 


+ .099 


144 


+ .064 


M« 


+ .•65- 


130 


+ .090 


145 


- .006 


m 


- .eo4' 


131 


- .09^ 


14** 


-.074 


i*t 


- .073- 


132 


-.lOB 


147 


- .143 


nfs 


- .142 


133 


- .in 


148 


- .212 


m 


- .«11 


134 


- .24b- 


149 


- .281 


130 


-.480 


135 


- .316 


150 


-.351 


isn 


-.849- 


136 


- .384 


151 


- .420 


1% 


- .418 


137 


- .463 


152 


- .489 


m 


-.487 


138 


-.542 


153 


-.558 


m 


-* .Mft 


139 


- .691 


M* 


. - .687 


1% 


- .625 


140 


- .660 


MO 


- .196 


196 


- .4»4- 


141 


- .739' 


IW 


-^ .65 


tt7 


- .763- 


142 


- .798 


lOf 


- .634 


ins 


- .83» 


143 


- .867 


166 


- .908 


1S9 


- .901- 


144 


--<z 


150 


- .072 
-^1.041 


IW) 


- .«©► 


145 


160 


timeih«ftdian,15^«30'. 


Ttoiemei»I<flltti,IB5^. 


TimemKridlbn»l«b*. 


Longitude. 


CoHrectioQ. 


Longitude. 


Correction. 


Longitude. 


Correction. 


s 


JSRwr. 


o 


Bow. 


s 


IFoKr. 


148 


-1-0.288 


165 


+0.304 


170 


+a269 


l<f0 


-H .2» 


1^ 


+ .2te- 


171 


• + .JOfr 


Ifid' 


+ .1^ 


157 


+ .166 


172 


i +..ii» 


151. 


. + .080 


1^ 


%•% 


173 


+ .062 


152 


+ .011 


I59t 


174 


- .007 


153 


- .0S8 


160 


- .041 


175 


» — .676 


»4 


~ .1Q7 


161 


I ss 




- .»5 


lft5 


- .19d 


162 


177 


- .a4 


166 


- .265 


163 


- '.248 


178 


- .263 


1»7 


« .334 


164 


-.317 


179 


- .462 


tt8 


- .40^ 


165 


-.386 


}$ 


- .421 


ISD 


-.472. 


166 


- .456 


- .490 


100 


- .54*. 


167 


-.524 


182 




im 


- .6W 


168 


- fm 


183 


— .^8 


»B 


- .679 


169 


^ .662 


184 


— r$7 


ras 


- .748 


170 


- -51 


165 


— 766 


184 


- .817 


la 


,i:g: 


180 


- ;835 


165 


- .886 


187 


- .904 


UK 


-. .955 


173 


:»:^ 


188 


-,973 


Ufl 


-1.034 


'^ 


189 


. -U042 


VK 


-1.093 


-i.wa 


190 


. -1*111 
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tudSi. 


tioa. 


^- 


Correc- 
tion. 


^- 


Catttc- 
ttm. 


, 


Homr. 


f 


How. 


, 


"HiT 




-a 001 


21 


-a 024 


41 




-.0« 


33 


-.025 


43 


^ .OM 




-.003 


33 




026 


43 


— 


^ 




- .005 


24 


_ 


028 


44 


_ 




-.008 


25 


— 


030 


46 


— , 


053 




- .007 


26 


— 


030 


46 


— 


053 




- .008 


37 


'•m 


031 


47 


.— , 


054 




-.009 


28 


_ 


032 


48 


— 


066 




-.010 


29 


— 


0i3 


49 


~ 


066 


10 


- .013 


30 





^ 


50 


— , 


^ 


n 


- .013 


31 


_ 


51 


— . 


ta 


-.014 


83 


— . 


m 


53 


... 


B 


13 


i:8Ji 


33 


_ 


038 


53 


_ 


14 


34 





.030 


64 


*- 


16 


-.017 


35 


— 


S8 


n 


— 


063 


16 


-.018 


36 




_ 


004 


17 


-.180 


87 




•48 


67 


. 


MO 


18 


-.021 


38 




044 


58 


_ 


067 


19 


-.«» 


39 


— . , 


0<» 


60 


— , 


068 


20 


-.083 


40 


-.046 


60 


- .069 



\ hlgk wtttcT (WWy, mtttB knr wfttor <LW), m^am rsafc 
<Mb), and man tide level (XVIr), (Form 138)^— First: AM the 
high and low water heights for 2» 6ajB, Seoend: OMaia the 
dmuis by cfividhig eswh snm by the number of high or lotr waters 
fB^odecL ThiitA: CHitatn the mean range (Mft) by siMraettag 
CM iBcas cfi the low waters from the meaa of tike hitgh waters^ 
asdf eater €tae result la the space before the symbol '*Mn*" 
Fourth: Obtain the mean tide lev^ (MTL»> by taking one haif of 
the sihh of tfte laean high; watev and the meaar lew water, aad 
ester hi the space: before tite utrmbdl '' liTL." Fifth: The waaa 
range should be corrected for longitude of moon'9 node in ac- 
cordance with paragraph 503. 

Ml. Ktos hither higft i«&ter (HRW>, nteiaA lor*^ low water 
(IXW), and diurnal inequalities (DHQ and DLQ) (Form 1S8).— 
First : Check off the higher of the two high waters and the lower 
of the two low waters of each day for 27 days, omitting the first 
and last days of the 2^day group. When only one high or one 
low water occurs on a calendar day, by reason of one of the tides 
having occurred after midnight and therefore on the next calendar 
day, the single tide should be checked if the tide Just above it is 
unchecked, otherwise it should not be checked. If, however, the 
tide has become diurnal and only one high and one low water 
occur during the tidal day, these should both be checked. Second : 
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The higher high waters and lower low waters thus checked should 
be summed and the results entered In the spaces provided in the 
column of " Remarks " on the back of the form. Third : Obtain 
the means and enter the results in the line below the sums. Fourth : 
Subtract the mean of all the high waters from the mean of the 
higher high waters and enter the difference after the symbol 
DHQ on the back of the form. Fifth : Subtract the mean of the 
lower low waters from the mean of the low waters and enter the 
difference after the symbol DLQ. Sixth: Correct the DHQ and 
DLQ in accordance with paragraph 506. 

50£. Correction for the longitude of the moon's node. — ^The moon'.s 
node is the place where the lunar orbit intersects the ecliptic or 
earth's orbit, and the position of tlie node is continually chantging. 
The effect of this change in the longitude of the node is to vary 
the maximum declination of the moon by more than 10 degrees^ 
there being periods of years during which this maximum Is less 
than that of tlie ecliptic, and other periods of years when the 
maximum declination of the moon is greater than that of the 
ecliptic. A change in the moon's declination affects both the 
mean range and the divmal inequalities of the tide,, se that these 
quantities as found from observations fbr anj y«ar must be 
corrected to obtain a true mean yalue. 

608. To correct the mean range for the longitude of the moon's 
node, apply the factor ''FCMn)," or "Factor fat mean range,** 
which mfiy be obtained from the follo?ring table for the years 1915 
to 1934. The factors have been computed for ihe middle of each 
year, but as they change very slowly, the same value may be 
taken for any numth of the year. The line in the table from 
which the value is to be taken is determine by the argument 

— ^- f which may be computed to one decimal place from 

the uncorrected values of DHQ, DLQ, and Mn as obtained from 
Form 138. 
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504. factor P{Mn}.-^F6r r^uein^ the ob^cn^ed range of tide to 
its mean value. 



2iDBQ+DLQ) 


W16 


1916 


1917 


1918 


1919 


1920 


1921 


1022 


1993 


1924 


aotoo.2 


1.02 
1.02 
1.02 
1.02 
1.02 
1.01 
1.01 
1.01 
1.00 


1.02 
1.02 
1.02 
1.01 
1.01 
1.01 
1.01 
LOO 
1.00 


1.01 
1.01 
1.01 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 


1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 


a99 

.99 
.99 
.99 
.99 
.99 
1.00 
1.00 
1.00 


a98 
.98 
.98 
.98 
.99 
.99 
.99 
.99 

1.00 


a97 
.97 
.98 
.98 
.98 
.99 
.99 
.99 

1.00 


a 97 
.97 
.97 
.98 
.98 
.98 
.99 
.99 

1.00 


a 97 

.97 
;97 
.98 
.98 
.98 
.99 
;99 
1.00 


a98 


0.3to0.4 


.98 


0.5to0.6 

a7to0.8 


.96 
.98 


a9toi.o 

tltol.2 

1.8tol.4 

1.5toL6 


.98 
.99 
.99 

.99 


LTtoLS 


1.00 






2(DHQ+DLQ) 


1026 


1906 


1927 


1928 


1989 


lOBO 


1931 


1982 


1983 


1984 


aotoo.2 


ao8 

.98 
.08 

.90 
1.00 
1.O0 


.99 
.99 
.99 
1.00 
1.00 
1.00 
1.00 


1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 


1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.01 
1.00 
1.00 


1.02 
1.02 
1.02 
1.02 
1.01 
1.01 
1.01 
1.00 
1.00 


1.03 
1.03 
1.02 
1.02 
1.02 
1.02 
1.01 
1.01 
1.00 


1.03 
1.03 
1.03 
1.02 
1.02 
1.02 
LOI 
1.01 
1.00 


1.03 
1.03 
1.03 
1.02 
1.02 
1.02 
1.01 
1.01 
1.00 


1.03 
1.03 
1.02 
1.02 
1.02 
1.02 
1.01 
1.01 
1.00 


1.02 


4kZto(ki 

astoae 

artoaa 

a9toi.o 


LQ2 
1.02 
1.02 
LOl 


LItoL2 


LOl 


L3tol.4 


LOl 


L5tol.d 


LOO 


L7tol.8 


LOO 







.505. For stations on the Atlantic coast of the United States 

from Maine to Florida, ^(^^Q+^^Q) is usually small, and If 

Mn 

tile values of DHQ and DLQ have not been obtained, the top line of 
the table may generally be taken without material error. For sta- 
tions on the coast of the Gulf of Mexico from Key West to the Rio 
Grande, the mean range of the tide is very small and the factor 
FiMn) need not be applied. For other localities, where DHQ and 
DLQ are usually computed, as on our Pacific coast, Alaska, etc., the 

value of 2(DgO+i)i^.Q) gij^ould be obtained and «aiterod in the 

Mn 
space provided in the heading on the back of Form 138. If it Is 
larger than 1.8, no correction need be applied to the mean range. 

506. The diurnal inequalities DHQ, DLQ, should be corrected by 
the factor 1.02 F,, which may be obtained from the following table 
for the years 1915 to 1934. These factors have been computed for 
calendar months and may be used without modification foi* series 
of 29 days beginning on the 1st day of the month. If a 29-dWy 

13027'— 21 ^12 
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aeries be^ns on aoy other day oi the month, the factor may be 
obtained from the table by interpolation. 
507. Factor 1.02 Fi.—For correcting DHQ and DLQ. 



Month. 



inft 



191« 



idir 



1916 



191t 



1990 



1921 



1922 



1923 



1924 



teh 

Har 

Apr 

May 

June 

July 

Aug 

gS':::::::::: 

Dec 

Maath, 

Jan 

Feb 

Har 

K:::::::::: 

JvOie 

July 

Aug 

Sept 

Oct 

Nov 

DW.. 



aai 

.94 
1.08 
1.01 
.86 
.78 
.83 
.95 

i;o2 

.86 
.81 



a8» 

.97 

1.11 

1.08 

.88 

.81 

.84 

.98 

1.13 

1.05 

.88 

.82 



1.16 
1.08 
.91 
.83 
.86 
IM 
1.19 
1.11 
.92 
.85 



0.89 

1.05 

1.21 

1.13 

.96 

.86 

.90 

1.06 

{:?? 

.96 

.89 



0.92 

1.11 

1.29 

1.21 

.99 

.91 

.96 

1.13 

1.34 

1.23 

1.01 

.92 



a97 
1.16 

l.7t 
1.04 
.94 
.98 
1.18 
1.43 
1.31 
1.06 
.96 



1.01 
1.22 
1.45 
1.33 
1.08 
.97 
1.01 
1.22 
1.48 
1.35 
1.09 



1.03 
1.26 
1.49 
1.87 
1.10 
.98 
1.03 
1.24 
1.61 
1.37 
1.09 
*.98 



1.03 
1.96 
1.49 
1.36 
1.10 

.08 
1.02 
1.23 
1.4S 
1.35 
1.08 

.97 



1.02 
1.23 
1.46 
1.33 
1.07 

.96 
LOO 
1.19 
1.48 
1.30 
1.04 

.94 



1925 



1926 



1927 



1928 



1929 



1930 



1931 


1932 


1983 


0.80 


0.88 


a88 


.99 


.93 


.93 


1.06 


1.05 


1.06 


.99 


.99 


i.oe 


484 


.84 


.85 


.77 


.77 




;80 

.92 


.88 
.92 


*8 


1.06 


1.06 


1.07 


.99 


.99 


1.00 


■M 


.83 


.84 


.n 


.78 



1984 



0.98 
1.17 
1.37 
1.26 
1.02 
.92 
.90 
1.13 
1.43 
1.22 
1.00 
.90 



0.94 

1.12 

1.29 

1.19 

.98 

.88 

.91 

1.07 

1.26 

1.15 

.95 

.88 



0.90 
1.06 
1.22 
1.12 



.86 
1.02 
1.19 
1.10 

.91 



0.86 
l.Ot 

\:^ 

.90 

:a 

.98 
1.13 
1.04 



0.83 

.98 

l.U 

1.03 

.87 

:S 

.95 

1;09 

1.01 
.85 
.79 



1.08 

l.OO 

.85 

.78 
.81 
.93 
1.07 
1.00 
.84 
• .78 



a82 

.96 
L08 
LQ3 



.96 

1.10 

1.03 

.87 

.80 



50$. Annual inequality in mean sea kTcl.— At most stations 
there is a variation in the reading of mean sea level upon the 
staff at different times of the year, depending in general upon 
the seasonal changes in the direction and strength of the wind, 
and in river stations also upon the rainfall or melting snow. 
There is a rough periodicity in these variations of mean sea level, 
but they can not accurately be foretold. The inequality may to 
some e^ttent be elilnlnated from a short series of observations by 
a eoB^ariscm with simultane(>us observation at a near-by station 
where the tidal planes have already been determined from a long 
series of observations. 

509. Compcgrison of simultaneous observations (Form 24^, fig. 
27)* — ^If tidal data have been well determined for one station, 
satisfactory data for another station near by may generally be 
obtained by observing the tides simultaneously for several days 
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L.^ ia4» fl?.' ■. 




(D-SfiUJSi — |j&ABL--M«M41fH«BMiaaM«(U^*a41ov«»tari«ipMtivdy. 
<i»*iHtt>OI>^l <fl . ( a ■ 4> iii n ilwil»#t— efctel w gl i i ri i. ffWii«wtack«ffara.) 

(0*KL«(L.«1I*B BBW h«^ «t (A). 
<tHwt.ntt .M— Unr MipK at (A)l 
(l)«-U4Q-.-(«-(S)-2I>iaM (A). 






0tim a . U -(ll>»((11^-(g>|>li« Mriai 



<S) •...&»Oa~-ll«a HLV bdgkt tt (A). 
<t) ««S.itlL.-M«M LLW hai|^ at (A). 

ai)--l«28--|({B)-H7)]-llMB LW ImWM at (A). 

<!•)- I.4fl >»Um»MLW HMmmuK 

(17)-. J.«fleL..U«Mi LLW diflmac*. 

pi)- ;. 2 a .■ ^ (W>-Kiy)HM<— I'V illHiMlPK 
(tD- l.M -M(aD)-Kn)HMTL di&nan. 




MeuiLVMatMrit 
1ImiI.LWwmUm 



.-S^E...1mA.- 



no. t7. 



M >i rJh> i«> 
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at the two stations and comparing the results. For this purpose 
there should be at least two days of both day and night tides 
observed, and if the stations are very far apart a longer series 
should be observed. It is generally most satisfcictory, especially 
when there is a large diurnal inequality, to have the lides com- 
pared coxusist of a whole number of tidal day» so that the num- 
ber of higher high waters, lower high waters, higher low waters, 
and lower low waters will be the same. 

510. Explanation of Form 248. (See page 179). — ^Thls form is 
designed for the comparison of tides at a subordinate station for 
which tidal results are sought, with the tides observed simulta- 
neously at a standard station for which tidal constants are known. 
For short series of observations the high and low waters observed 
at the subordinate station may be tabulated Immediately in this 
form, in which case it will be unnecessary to tabulate them also 
In Form 138. The time and height differences are to be obtained 
by subtracting the values at the standard station from the values 
at the subordinate station and the results entered with proper 
signs in the columns indicated. 

Find the sums and means of columns of time difference, height 
of tide at both stations, and height difference. For stations on 
the Pacific coast, where the plane of reference is mean lower low 
water, the heights of the higher high, lower high, higher low, and 
lower low waters are to be summed separately, tlie higher highs 
and lower lows being indicated by pencil check marks. For sta- 
tions on the Atlantic coast, where the plane of reference is mean 
low water, the heights of the high waters may be all combined 
into a single sum, and similarly the low water heights ; the head- 
ings of their sums being made to read HW and LW, respectively, 
by striking out the extra letters. All mean results should be given 
to two decimals of its unit, whether hour or foot If any Indi- 
vidual difference varies greatly from the apparent average, and 
an examination of the original record fails to show an error, that 
difference should not be included in the sum; and such a value 
should be encircled to show that it has been rejected. 

For stations on the Atlantic coast omit (4) to (9), (14) to (19), 
(25), (26), and the computation of DHQ and DLQ at the bottom 
of the form. Take (10) = mean high water height at the subordi- 
nate station, (11)= mean low water height at subordinate sta- 
tion, (20)= mean high water difference, and (21)= mean low 
water difference. For stations on the Pacific coast the lower part 
of the form should be filled out completely as indicated. 
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The correction for difference in longitude (2) may be obtsUned 
from the following table. Find the difference in longitude by sub- 
tracting the longitude of the subordinate station from the longi*- 
tude of the standard station, considering west as positive and east 
as negative. The correction has the same sign as the resulting 
difference of longitudes. If the kind of time used at the two sta- 
tions is different, apply this difference, expressed in hours, to the 
difference in the time of tide as directly obtained, adding if the 
time meridian of the subordinate station is west of the time 
meridian of the standard station, and subtracting if the time 
meridian of the subordinate station is east of that of the standard 
station. 

611. Correction for difference in longitude. — 
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512. Planes of reference. — Upon the Atlantic and Gulf coasts of 
the United States, indnding POTto Rico and the Atlantic coast of 
the Panama Canal Zone» all sonndiAgs are reduced to mean low 
water. Ck>rrected mean low water Is obtained by subtracting 
one-half of the corrected meaa range from the corrected mean tide 
leveL In localities where the mean rise and fall of the ti4e is 
less than 1 foot, as in tl^e greater part of Albemarle and Pamlico 
Sounds, a plane one-half foot below the mean water level should 
be taken as the equivalent of the datum of mean low water. 

Upon the Pacific coa^t of the United States, Alaska, Hawaii* and 
the Philippines, all soundings are reduced to the plane of mean 
lower low water, except that for Wrangell Strait the datum is 
3 feet below mean- lower low water. CJorrected mean lower low 
water is obtained by subtracting the corrected diurnal low-water 
inequality (DLQ) from the corrected mean low water. 

Upon the Pacific coast of the Panama Canal Zone the sound- 
ings are reduced to the plane of mean low water springs. For 
this datum the spring range of tide is first obtained from the 
high and low waters <*served at the time of new and full moon. 
One-half of the spring range Is then subtracted from the mean 
tide level to obtain mean low water springs. 

513. Difference in time of tide. — ^When there is much ditfer«ice 
in the time or hei^t of the tide at the place of sounding and at 
the tide gauge, allowance should be made in the reduction of the 
soundings. The difference may generally be estimated from ob- 
servations made at several stations in the vicinity of the work, 
but when it has been lmi>ossible to establish more than one tide 
station In the locality, the following formula may be useful in 
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esdnaaiiiig the yelodty of a progreasive tidal wave, an4 enabid 
one tD obtain tbe approximate difference in tlie time of the ti^: 

V ='Jgd=6,&I V? feet per second, 
wbw tf = 82J.7 feet per second and <i = depth of water for the 
av^WLge cross section between stations, in feet 
In order to convert feet per second into nantical miles per hour, 

8800 

multiply by jggo=0.592, and we have 

• ««"3.a6Vtf nautical miles per iMwr. 
The time required for the tide wave is 

^ 6080 17.87 , ^ .r , .« 

*"gOX5:672V3*"VJ "*^"*^ P^' nautical nuie. 

^ 5280 15.51 . ^ ^ ^ ^ ., 

^° 60X5.672l^ "'";;/J mmutee per statute mile. 

For convenience the following brief table is given : 
Time required for the UAe wave to trtmeL 
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514. Beaeh marks. — ^A bench mark is a definite point on a per- 
man^it object used as a reference for ^evations. No matter how 
temporary the oocupatlon of a tide station is, it any plane of ref- 
erence is computed or assumed, the tide staff should be referred 
to at least three permanent bench marlcs. l^is is of great im- 
portance to make the results of the tidal observations available 
for future use. These marks should be sufficiently scattered so 
that they are not likely to be all destroyed by a common cause. 

515. aaalltias o€ a good beaeh mark.— The principal qualities of 
a good bench mark are tiiat it te not likely to be destroyed or its 
elevation changed, and that it may be easily found and id^tified. 
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It should be so placed that a leveling rod can be held vertically 
ov^ it. A mark set horizontally is generally more convenient .to 
use than one set in a vertical wall. In a settled community perma- 
nent and substantial buildings afford the best location. In a 
rocky country, a ledge of rocks will serve. If the ground Is 
sandy, a mass of concrete containing not less than a cubic yard 
of material and buried so that its top projects a few inches above 
the surface of the ground, will generally constitute a suitable 
foundation for the bench. For a concrete bench mark, great care 
should be taken to obtain a proper mixture; one part sand, two 
parts cement, and fliree parts tooken st(Hie constitute the usual 
proportions. Bench marks should not be placed on buildings 
which are known to rest upon filled-in ground, as such structures 
are liable to settle. Wat^ hydrants, eurbstones, and growing 
trees are very unsatisfactory as bench marks except for tempo- 
rary use. 

616. An identification mark is required, for no matter how well 
the bench mark nuiy be described there is nearly always danger 
of mistaking the point used, unless it is clear.y marked. The best 
identification mark, which should be used when it is practicable 
to do so, is the standard, disk or cap bench mark of this Survey. 
These ai*e made of brass about 3) inches in diameter and have the 
following inscription " U. S. COAST & GEODETIC SURVEY B. M. 
$250 PINE OR IMPRISONMENT FOR DISTURBING THIS 
MARK." The disk bench mark has a shank about 3 inches long 
for Insertion in a building or other substantial support. It should 
usually be set with its face flush with the wall and secured with 
cement. On the face is a short line, which should be placed hori- 
zontal and which serves as the reference point. The disk bench 
mark may with advantage be set with its stem vertical in rock 
or cement, in which position it is more convenient to place a rod 
on than when set in a wall. The cap bench mark is threaded in- 
side and is designed to screw On top of an iron pipe which is sunk 
in the ground and secured to a mass of concrete, the top of the 
pipe projecting a few inches above the ground. This cap bench 
mark may be set directly in the top of a concrete base, when no 
stdtable pipe is available. In the center of the top of cap is a 
space inclosed by a circle which is the point of reference. When 
a standard disk or cap bench mark is used, the year of establish- 
ment and the number of the mark should be stamped into the 
metal. Duplication of numbers should be avoided, and a number 
that has previoui^y been assigned to another bench mark in the 
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saaie locality* whether destroyed or estant, should not be used 
again for a new bench mark. Sets of dies for stamping letters 
and figures may be secured from the office. 

IK17. If the standard hench marics are not available* a small 
cross + cat on a rock, bniiding, or oUier structure, or in BKoe 
cases a drill h<^ will serve to indicate the point on which the 
leveling rod- was held. The additimi of lettering, es^cially in 
rode, will make the identification more certain. In a roeky ledge 
subject to wieathering, a copper bolt is desirable, as a cross or 
inscription may become too indistinct to identU^ with certainty. 

418. Permij^idon from the Treasury Department to place stand- 
ard disk bench marks on any Federal building has been obtained, 
as indicated by the following letter : 

TBBAOITBT DapABTiClNTr 

Wa9Mngton, Novimher U, 19X|, . 
The honorable .the Bbcbitast of Commsbcb, 

Waehington, D. 0. 
Sir: By direction of the Secretai-y I have the honor to acknowledge 
the receipt of your communication of the 7th Instant, requesting that 
permltMion he granted to the ofBcers of the Coast and Geodetic Surrey 
to place ion the ITederal buildings under the control of this department 
small inscribed metal tablets, which, are to be used as hench marks In 
connection with the' system of leveling, the custodians of the buildings 
\o designate where the tablets are to be placed. 

In reply, yon are advised that no objection will be Interpefiei by this 
f|q^artBe»t to the placing of the tablets on the Yarious public buildings, 
ii» desired, and this letter, or a copy thereof, upon its presentation to the 
custodian of a Federal building, is to be considered by him as his author- 
ity for permitting the placing of one of the tablets on the building In his 
custody. 

BespectfuUy, 

B. E. NbwtoNj 

Assistant Becretary, 

018. Leveli]Lg.*-The bench marks and tide staft should be care- 
fully connected with each other by forward and bacliward lines 
of spirit levels. Great care should be taken to kee^ the instrument 
in proper adjustment When the forward and backward measures 
between two bench marks differ in feet by. more than 0.05 K (in 
which K is the distance leveled between the two bench marks in 
statute mUes), or for distances under 500 feet by more than 0.015 
foot, both the forward and backward measures are to be repeated 
until the diiXerence between two such measures falls within the 
limit. No one of the questioned measures is to be used with a new 
measure to get this agreem^t. If work has been previously done 
in the vicinity, all tlie old bench marks that can be recovered 
should be connected with the tide staff by spirit levels. It is 
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terirable tliat bench maite estabi^ibed by other orgtnliatkioi^ 
aad also city and railioad datmns, ahoiUd be eoimected with the 
Survey bench marks. 

0tO. Baoord of bonoh marks aad leTMiiv.«^Before leaving the 
g&omnl loeality where bench marks have been estafollahed, a ^de- 
acriiktion of each one must be written and sent to the office, 
together with the leveling record, and must also be written fai the 
Tide Book, Form 277, when this Is used for recording staff read- 
ings at the Btatkn, <^ in the Leveling Record, Fonn 268. Care 
shonkl be taken to make the deBcriptions of the bench marks as 
dear and dlstinet as possible, and saffldeatly complete to liable 
another pensob to readily find and identify tlie marks. When a 
bench mark is made on a bnlUttag in a city or town, the street 
and nnmber lAouId be given when possible. When not on a 
prominent structure, the distance and direction to several land- 
marks that are more or less permanent In the neighboihood should 
be given. Sketches or photographs which would aid in locating 
or identlf!ylng the bench marks are desirable. 
. Ml. Zaspeetioia of tide stations. — ^Xhe tide observer should be 
Interviewed to ascertain whether he thoroughly understands his 
work. The care taken to keep the gauge clocks correct, and the 
manner of making the staff comparison should be noted, special 
attention being given to the observer's habit in regard to the scale 
on the gauge to see whether he is inclined to enter the scale read- 
ing rather than the actual staff reading on the marigram. The 
value of many of our tidal records has been impaired because of 
the uncertainties arising from the habit of some of our tide ob- 
servers of entering modified scale readings instead of the actual 
staff readings on the tide roll. In general, the metal scales serve 
no useful purpose in securing the tidal records and have been 
already removed from some of our gauges. Unless there is some 
special reason for leaving the scale on the gauge, it may be re- 
moved and returned to the office. 

582. The gauge sliould be adjusted so that, at apprOslmately 
mean tide level, the recording pencil will be near the center of the 
paper, and the float pulley and the counterpoise pulley about half 
filled with wire or cord. The datum-line pencil should be set near 
the center of the paper. The counterpoise weight should be so 
arranged that it may move freely between the limits of extreme 
high and extreme low water. Ih order to secure a sufllcfent range 
of motion for the counterpoise weight and also for the tension 
weight, It is generally desirable to carry each supporting cord over 
a pulley in the ceiling of the tide house. After tiiese adjustments 
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have been made, there will be no occasion ff>T the tide obseryer 
to change them unless the float wire breaks or other accidents oc- 
cur. When this happens the observer should enter a clear explana- 
tion of the fact on the tide roll. Such changes are very undesir- 
able except when actually necessary, and the observer should be 
so informed. 

52S. The position of the float in the w^l should be examined to 
ascertain if it is free to move within the limits of the tide without 
scraping on the sides of the float box and, if necessary, the gauge 
should be moved to bring the float into a more nearly central po- 
sition. If there Is any evidence of the float box being clogged 
with mud, barnacles, or other matter, the opening should be 
cleared. 

624. The tide staff should be examined to see if it is In good 
condition. If there is more than one staff at the station, make a 
note of which one the tide observer is accustomed to using. If 
the staff is a portable one, it should be placed in position for use 
and a note made of the reading on the staff that is level with the 
support on the fixed guide. It is important that the staff be 
actually placed in position, as it may happen that some obstruc- 
tion in the guide will prevent the staff from being lowered to the 
position Indicated by the shoulder or angles attached to the staff. 
If there appears to have been a change In the position of the staff, 
ascertain, if possible, from the tide observer or other source, the 
time when such change took place, as this information is very 
important in the interpretation of our records. The fixed guide 
for the portable tide staff should be examined to see that it is in 
good condition. 

525. As many bench marks as practicable should be connected 
with the tide staff by spirit levels. If there is more than one 
staff at the station, all should be connected with the bench marks 
by levels. If a portable staff is used, It should be placed in posi- 
tion to determine its true relation to its support. At permanent 
tide stations not less than Ave permanent bench marks should 
be maintained. One of these should be as near the tide staff as 
practicable to afford a ready means of checking the elevation 
of the staff. It Is also desirable that a temporary mark be placed 
directly alongside of the staff, which would enable the staff to 
be replaced without the use of a level should it be removed from 
any cause. The present condition of the bench marks should be 
noted, deficiencies in the descriptions supplied, and new marks 
established when necessary. 
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520. A separate report should be xna<te for each tide itotlon in- 
spected. This r^ort should Include i'ecommendations conceniing 
repairs to the station, with an estimate of the cost wh^iever It Is 
possible to do so. 

527. Estimates for the inspection of tide stations should be sub- 
mitted as soon as possible after the receipt of instructions. A 
small amount should be included to c<nrer small incidental repairs 
which may be required, and these repass should be made if pos- 
sible while the inspecting officer is at the station. At remote 
stations, when repairs are urgently raiuired which exceed in 
amount the sum allotted for repairs, and when it is desirable that 
these repairs be made while the ini^;)ecting officer is at the* station, 
to avoid the expense incidental to sending some one else to super- 
intend the work, telegraphic approval of the estimates for this 
work should be requested from this office in case circumstances 
will not permit the delay of obtaining authority by mail. 

CTJRRENTS. 

528. General remarks. — Currents are of two types, tidal and non- 
tidal. Tidal currents are due to the tides and nontldal currents 
are due to wind&, land-water discharge, differences of density, and 
other such causes. What chiefly distinguishes these two kinds of 
currents from each other is the fact that tidal currents are 
periodic while nontidal currents are not periodic. 

In passiages from one body of water to another, in narrow en- 
trances to bays and in constricted parts of rivers, currents fre- 
quently attain considerable velocity. In such places, as well as 
off capes and wherever strong currents or countercurrents are be- 
lieved to exist, current observations are desired. 

529. Location of stations. — ^The location of each current station 
should be determined by angles between three or more objects 
plotted on charts or hydrbgraphic sheets, and angles should be 
taken during both flood and ebb. When observi^ig currents off- 
shore out of sight of land the position of the station should be 
given by latitude and longitude with as much precision as the 
means at hand will permit. In all cases soundings should be fre- 
quently made, as these aid in identifying the station. 

530. Length of observations. — Continuous observations covering 
.a period of at least 2 tidal days or 50 hours are desirable. In 
every case the aim should be to secure at least 25 hours of con- 
tinuous observations. In places where daylight observations only 
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are fieasibte t\<^ sets of observations should he made, each ooveriiig 
a period of 2 days and sqsarated by an interval of 1 or 2 weeks* 

581. Frequency of observations. — Observations should be made 
as frequently as practicable and preferably at definite Intervals 
of time, as quarter-hourly, half -hourly, or hourly. Near the time of 
strength of current it is of advantage to make observations every 
10 minutes or even oftener. 

5S8. Xeasnrln^ onrrent velocity. — ^For measuring the velocity of 
the current either a log line and current pole or a current meter 
Is generally used. Where dangerously swift currents prevent the 
anchoring of a boat the velocity of the current may be determined 
by noting the time taken by a free float to pass a measured dis- 
tance between two ranges. Observations made by following up a 
free float with a boat are, as a rule, of little use, since the station 
is c<«tinually changing. 

538. Log Uae. — ^The log line should have a sufficient length of 
stray line to permit the current pole to attain a position beyond 
the elfect of the disturbed waters in the wake of the vessel. One 
hundred feet of stray line is generally satisfactory. Part of this 
stray line should be much heavier and stronger than the log line, 
because it is used to lift the heavy-current pole out of water; 
A one-half inch rope is often used for the first 25 feet of stray line, 
to which Is attached a log line three-sixteenths of an inch in 
diameter. 

When the log line has been thoroughly wet, it is marked by 
tags or otherwise into principal divisions representing knots, 
or nautical miles per hour, and secondary divisions for the tenths 
of a knot. The length of these divisions will vary according to 
the period of time that the float is allowed to run, and may be 
conveniently found from the following equation: 

Where ir=the length in feet of the graduation representing one 
knot, 
T=number of seconds during which the pole runs out. 

The log line should preferably be marked for an observation 
interval of 60 seconds for use with a stop watch into principal 
divisions representing knots, each 100 feet 4 inches in length. 
Tenths of knots will then be shown by lengths of 10.13 feet, 
which should be marked in a suitable manner. 

Occasionally, as with very strong or very weak currents, it is 
more convenient to use a shorter or a longer time interval. In 
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that case the following formula will give tbe v^ocit^. If L» 
length of line In feet run out during an interval of T seeotfeds* the 
velocity in kn(»ts te 

The log line should be measured occasloaally, when wet, and 
any error in length noted in the record book. If the line breaks 
it should be carefully repaired and a note to t^t effect eot^red 
into the record book. 

Velocities expressed in feet per second may be converted into 
kskota, or nautical miles per hour, by the following equation : 

^=^X^ = 0.5921XP. 



Where F«^he velocity In feet pet second. 
634. Current pole.— This is generally a pole or other (Cylindrical 
body 2 or more inches In diameter and from 6 to 20 of more feet 
in length, according to the depth of cnwent to be measured. The 
pole may be made of wood or of sheet metal, and in either case 
is to be wrfghted at one end so as to float vertically with about 
1 foot out of water. The weight of lead or oHier material required 
may be estimated from the following equation: 
Tf— 64 r*^(L—l) —«;, in pounds. 
Where 64=pounds In 1 cu. ft. of sea water. 
r=radius of pole, in feet. 
jr=3.1416. 
l;r=length of pole, in feet, which Is diminished by 1 

because 1 foot is out of water. 
ic= weight of pole, in pounds. 
When a wooden pole is used, while most of the lead may be 
a solid casting, some of it should be in the form of sheet lead 
wrapped around the lower part of the pole and secured by a 
nail; for the pole will absorb water after it has been in use 
some time, as will be Indicated by a gradual decrease in the 
length of pole above water, and then by unwrapping a portion 
of the sheet lead, and cutting it off, the former line of flotation 
may be restored. 

536. Observing with log line and pole. — ^The reel carrying the 
log line should be mounted upon a stand or other support About 
five minutes before the time for observations lower the pole into 
the water and allow it to rtm otit the length of the stray line. 
On the exact time for observing, release the line and press the 
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Stem ef the stop watch. If Deoessary assist the Una by hand, hut 
do not pay oat faster than the pole can tate It away. When 
the stop watch has oompletecl one minntei stop the reel and at the 
same instant press down the stem of the stop watch. Then count 
the namber of Imots and tenths that have t»n o£i tbe log line. 

086. Bireetlttn of ooneat. — For determining tim direction of the 
current one of the two following mathods may be used, either alone 
or preferably together: <a) MeasuriBg with a aeztant the angles 
between the pole and fixed objects on the shore; W noting: the 
angle tiie cnrrent Mne makiea' with a graduated oltcla aUlod a 
pelmms. 

8t7. Use of tiie fleKtaat.'*-When meaaaring the aiigle between 
the floai and some fisoed object, on shore, the angle shottld be 
marked *' R " if the float is to the right of the object of refeienee 
and ''L" if It is to the left This rule should be invariably fol- 
lowed. Hi tislng fixed objects on ahore for aaimath, it is of ad- 
vantage to choose objects rather remote and flew in nnmbar. 

5SS. ITf a ef the pelOTaf«--i^ simple form of the p^rus consists 
Of a. drenlar brass dish about S inches in diameter gradqated 
every 10 degrees, from 0'' to 860"*, clochwise. It is fastened to the 
boat ko that the 0** and 180^ marks fix a f ore-and-after Una parallel 
to the keel of the ship w(th tho 0"* florward. 

After the current pole has run out the observation interval for 
determining the velocity of the ^terfont; the log line is stietcbed 
across tl» center of the pelorus and the angle made by the line 
to the nearest 5 degrees la recorded. The heading of the ship 
by the ship's compass at the same time is noted, whkh, with the 
pelw^us reading, gives the direction of tibe current 

When the log line is stretched across the pelorusi two angles, 
differing from each other by 180°, are determined. In order 
that no confusion may ariae^ that arc is Head whioh is farthest 
away from the pole* This will be the forward semicircle of the 
pcftorus, unless the pole happens to be drtfting forward of the 
beam* when the after semicircle is read. 

538. Onrrcat xaetera. — ^All meters whose measurements dep^ad 
upon the impact of water against a rotating wheel or propeller 
should be rated at frequent intervals. This may be done at the 
Bureau of Standards or may be aecomplishad by attaching the 
meter, well submerged, to the bow of tiie boat and drawing it 
at uniform urates through still water. The boat is drivm at vari- 
ous speeds over a measured course and the number of revolutions 
of the meter per second is noted. A rating curve may then be 
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drawn by platting on cross-section paper the speed in feet per 
second as abscissas and the revolntions per seamd as ordinates. 
With all meters sent out from the office rating tables will be f«r- 
nlshed. 

540. Use ef onnr^t meters.— In smooth water measarements 
with a meter may be suceessfUly made within a foot of the sur- 
face. If waves extot, the measorements should be taken at sach a 
deptli that the flow appears to be practically steady. 

If the velocity is to he determined at a depth of only a few 
feet below the surface, the meter may be attached to a pole; if at 
a considerable depth, it must be suspended by a strong slender 
cord or cable, and to the lower extremity of die meter sufficient 
weight should be attached to keep the meter in a nearly horieontal 
posltloa 

When using a meter which measures velocity only, a current 
pole should be used for determining the direction of the current. 
Care should be taken to make the average depth of the resisting 
surface of the pole about equal to the depth at which the meter is 
suspended. Another method for ascertaining the direction of the 
current at the d^th of the meter is to suspend a heavy body of 
suitable specific gravity to that d^th, the position taken by the 
suspending wire indicating the direction of the stream. 

Photostat copies of instructions covering the care of current 
meters may be secured from the office. 

641. Kind of time used. — Since it is desired to detemiiie not 
only the velocity and directi<m of the cnrrent, but alao the time 
of maximum and minimum velocities^ correct time is essential. 
The record should clearly state the kind of time used, wiftether 
standard time, mean local time, or apparent local tima If stand- 
ard time is used, as is generally the case in coastal waters, the 
standard meridian should be specified. 

548. Oheokittg the time used. — ^The time used should be dieeked 
frequently; of the observer can readily consult a reliable clock, a 
time comparison can be made each day. A note in the column 
of remarks of the record book should state the observer's time 
when the comparison was macie, the correct time, and whether or 
not the observer's time was corrected. 

If the time is obtained from a noon mark or from sextant ob- 
. servations upon the sun it can be reduced to local mean time by 
applying the equation of time. Local mean time is reduced to 
standard time by adding a number of minutes equai to four times 
-' the number of degrees which the standard meridian is to the east- 
ward of the local meridian. 
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In localities having a water hcHriaon, the time of sunrise or 
sunset (using the upper limb of the sun) should oocasionally be 
noted in the column of remarfca 

548. Aeoord of observationi. — The form of record book now 
available for curreot observations is numbered 270, and all items 
called for should be filled in as completely as possible. Particular 
attention is directed to the items at the beginning of the record 
calling for the deviation table and information regarding the kind 
of time used, location of stations, and description of current 
apparatus used. 

544. BeduotioA of ob8ervatio&i.--The method used in reducing 
any given series of current observation, other than by the har- 
monic analysis, d^p«[id8 on the type of current under discussion. 
In the inland waters and dose inshore along the coast, both on the 
Atlantic and the Pacific, the currenta are of the rectilinear or 
reversing type. Offshore, <»i both coasts, the currents are of the 
rotary type. But whereas on the Atlantic coast the currents show 
practically no diurnal inequality, the Pacific coast currents, both 
of the rectilinear and rotary types, show considerable diurnal 
inequality. The method of reduction of each of these types of 
currents is outlined below. 

545. Atlantic ooast rectilinear eurrents. — ^Where the current has 
a distinct period of flood followed by a slack and then by a 
period of ebb current, the observations should be plotted on cross- 
section paper, taking the hours of the day as abscissas. Two 
curves will then result for each day, one the curve of v^ocities 
and the other the curve of directions (aeimuths). From the 
smoothed curves there is then entered on Form 451 the times of 
slack and strength of flood and ebb, together with the velocities 
and directions pertaining to them. On the same form, under the 
heading " Moon's Transit or H. W., L. W.,'' there is entered the 
times of tide, predicted or observed, at some near-by station. If 
no satisfactory tides be available, the times of the moon's upper 
and lower transit may be used. The tidal-current or lunl-current 
interval for each element of the current is then entered in the 
proper column, and a mean value from the whole series of obser- 
vations derived. 

546. Atlantic ooast rotary currents. — Offshore the currents do 
not flow in one general direction during the flood and in an oppo- 
site direction during the ebb. Instead, the direction of the cur- 
rent changes continually at an average rate of about 30* per hour. 
In reducing a series of observations of this type of current, the 

18027**— 21 ^18 
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obsenrAtlons ave plotted on epoB»*8eetion paper, as indicated for 
tlie reettlfiieftr eavttBta, In additi<Mi,'the times «f liigh and low 
water, predicted or observed, at some near-iiy place, are indicated 
on the cross-sectioii paper. Tlie iioarly veloeities and directions 
of tlie current from three hoars before to three hoars after high 
and Io«r water, ave ttien entjnred into Form €07, and the mean 
for all the hovriy valnes found. Where no suitable tMe is ayail- 
able, the hourly Tataes of tiie velocity and direction of die cnrrent 
with reference to the moon's upper and lower transit from six 
hours before transit to six hours after transit should he used. 

M7. Paeillo oMist reotilinear ommits. — ^Because of the consider- 
able diurnal tnequality found in Uie Pacific coast currents, some 
modification of the procedure outlined f<or tlie reduction of the 
corresponding current on the Atlantic coast Is necessary. The ob- 
servations are plotted on cross-Section paper «iid the times of slack 
and ebb referred to some suitable tide. Bfit it will be necessary 
to distinguish the two high waters and the two low waters. One 
set of the current el^nents will be referred to higher high water 
another to lower low water, the third to lower high water, and 
liie fourth to higher low water. The tidal-current Intervals and 
the velocities of the various currents with reference to the various 
tides must be kept distinct, and the means of each group fonnd 
separately. 

646. Pacific coast rotary ourvents. — Offishore the currents on the 
Pacific coast become rotary. In the rednctimi of this type of cur- 
rent the method followed is that outlined for the corresponding 
current on the Atlantic coast, except that the hourly values of tiie 
velocity and direction of the current are referred to both higher 
high and lower high waters and to lower low and higher low 
waters from three hours before time of tide to three hours after. 

54^. Weak rotary carrents. — ^Where the velocities of rotary cur- 
rents do not exceed half a knot, the eAect of wind or river dis- 
charge will frequently completely mask the tidal currents. In 
such eases, the tabulated hourly values of the current, with refer- 
ence to the time of tide, must be resolved into north-and-south and 
east-and-west directions, before summing' for the noean. This 
may easily be done by means of a traverse table, but Is best left 
for computation at the office. 

890. Winds. — In the open sea the effect of a continiied wind is 
to cause a nontidal current, setting somewhat to the right of the 
wind in the Korthem Hemisphere and to the left in ttie Southern 
Hemisphere. Near the coast, local conditions modify the above 
rule. It is therefore essential that the direction and vdodty of 
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tlie wind be recorded every hour in tibe record of current obser- 
vatioos, so that tbe local effect of tbe wiod on the curent may be 
ascertained. 

XAOVXTIO OB8B&TAXI0V8. 

551* (leaexal temarki.— For detailed information in r^ard to in- 
struments and metliods of observing reference should be made to 
" Directions for Magnetic Measurements " published in Idll. 
New edition in pr^aration (1820). 

To secure the. best results, particular attention should be yuiU 
to the following points : 

Be sure that aU articles of iron and steel are removed to a safe 
distance hefore beginning magnetic observations. This allies 
particularly to articles about the person of the observer, such as 
knives, keys, belt and suspender buckles, eyeglasses, watch, steel 
in brim of stiff hat^ ete. 

Be sure that the instrument is level and the levels in adjustment 
before beginning observations^ especial in latitude and assitnuth 
observations. 

Be careful to keep the magnets and dip needles dry and clean^ 
espedaUy the pivots of the dip needles. 

Handle the chronometer ^th care at all times* 

552. £qaipiiient. — Observers engaged exclusively in magnetic 
work are supplied with a oompl^te magnetic outfit, consisting of 
theodolite-magnetometer, dip circle, hal^^econd pocket eloronome- 
ter, and nonma^etic observing tent. Wheu magnetic observa- 
tions are to be made oply as opportunity offers in connection with 
other branches of the field work of the Survey, the equipment is 
often less complete, either a dip circle with special needles for 
total intensity observations and a compass attachment for deterr 
mination of the magnetic declination, or simply a couipass dec- 
linometer for declination alone. In such cases the true meridian 
is usually known from triangulation, or else the Instrumental 
equipment includes a theodolite and timepiece with which the 
necessary astronomic observations can be made. 

553. General survey parties working in ronote regions, such as 
Alaska or the Philippines, will in general be furnished with a 
compass declinometer for measuring the magnetic declination. In 
connection with triangulation where the true azimuths are known, 
the magnetic declination can readily be obtained, and this should 
be done nt hitervals of about 20 miles along the progress of the 
triangulation, or at shorter intervals where there is indicati(m of 
local disturbance. In the regions mentioned this should be con- 
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sidered a tegular part of the work of general survey parties. The 
makiiig of complete magnetic observations, including dip and in- 
tensity, will be required only when therie are special instructions. 
The declinometer may be set tip directly at the triangulation sta- 
tion; or if this is impracticable because of the presence of iron, 
height of tripod, or other cause, a magnetic station may be estab- 
lished by alignment between the triangulation station and the 
mark. 

554. Selection of stations. — ^The conditions to be satisfied in 
choosing a magnetic station are ft-eedom from present and prob- 
able future local disturbance, combined with convenience of access. 
A station on suitably situated public property, or property be- 
longing to an educational institution, is to be preferred, as it is 
less likely to be disturbed. Proximity of electric railways, masses 
of iron or steel, gas or water pipes, buildings of stone or brick, 
should be avoided. A quarter of a mile from the first, 500 feet 
from the second, 200 feet ftom the third and fourth may be con- 
sidered safe distances. The station should be at least 50 feet 
from any kind of building. If any doubt arises in the selection 
of a station on account of the possible existence of local dis- 
turbances, two Intervlslble points a hundred yards or more apart 
should be selected and the magnetic bearing of the line Joining 
them observed at both. A lack of agreement between the two 
results is evidence of local disturbance. 

555. Description of station. — ^Each point occupied should be de- 
scribed with sufildent detail to render i)ossible its recovery. The 
description should begin with the general location—enough to 
indicate the park or field in which the station is situated^ — ^thls to 
be followed by measured distances to fences or other near-by fixed 
objects, and the nmnner in which the station is marked. It should 
Include the approximate distance and direction from the center of 
town or from some point which can be definitely located on a map, 
so that a rough check on the latitude and longitude may be made. 
In case a new station Is established in a locality where observa- 
tions have been made before, the distance and direction from the 
old station should be given if possible. It is desirable to give a 
rough sketch showing the relation of the station to surrounding 
objects, Indicating on it the direction of north (which should 
always be toward the top of the sketch) and the direction of the 
mailcs of which the true bearings are determined. 

556. Azintnth marks. — ^These marks should be well-defined ob- 
jects as nearly In the horizon as practicable and likely to be 
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available for future use. Wliere an observing tent is used, It Is 
preferable to bave tbe mark to be used in azimutb a^d declination 
observations in a southerly directkni, so tbat it may be sighted 
upon through the opening in the south side of the observing te;nt 
It should be one^q^wtt^r of a mile or more from the station if 
possible, so that a small error In recovering the station or a small 
cliange |n the position of the marlUng stone would not materially 
affect tbe azimuth of the mark. As an angle of 1' subtends an 
are of approximately 1 inch at a distance of 300 feet, the effect 
at any given distance may be readily computed. 

557. Xarking of stations.^— Bvery station intended for future use 
should be marked in as permanent a manner as conditions will 
warrant, to assist in its subsequent recovery, using the bronze 
magnetic station niarkii^ disk whenever possible. To avoid being 
distuirbed the station mark shoidd project little, if any, above the 
surface of the groond and should extend 2 feet or more into the 
ground. ^, 

558. JCeridian Unes^—When a meridian line is to be establi^ed 
the magnetic station should be selected so as to form one end of 
the line and the distance to and location of the other end should 
be givai in the description. The line should be not less tlian 
300 feet long, and extra precaution should be taken to secure the 
marking stones against future disturbance. The azimuth obser- 
vations must be made wit^ ^leclal care and the computaticms 
revised before the second stone Is set 

559. Bepeat stations. — ^Where observations are to be made at an 
old station for the purpose of determining the secular change, 
especial effort should be made . to occupy the precise point at 
which the earlier observations were made. Any change in the 
immediate surroundings should be noted in the description of 
station. If local conditions have changed to such an extent that 
a reoccupation of the old station is clearly undesirable, then a 
new station must be established. The«*e may be cases, however, 
j'n which it will be best to reoccupy the old station and also estab- 
lish a new one,- as for example when the old station, while not 
satisfying the requirements of future availability, may still suffice 
to determine the secular change since the former observations. 
When, owing to change in the immediate surroundings .or defect 
of the original, description, it is impossible to locate the exact 
spot from the measured distances, the desired result may some- 
times be accomplished with the aid of the bearings of prominent 
objects.. Having three well-defined objects which were connected 
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by angular measures at the time of the former occupation, suc- 
cessive trials, with the theodolite will serve to locate the spot at 
which those angular measures are reproduced. 

660. Care of iaitmmeiits. — Care shoidd be taken to keep the in- 
stnimeat in good ad^istment and firee from dust The magnets 
should be tou<^ed with the hands as little as possible and should 
always be wiped with clean chamois or soft tissue paper at the 
close of observations. They should not be allowed to touch aich 
other nor come in contact with ircMi or steel objects and should in 
the Northern Hemiiqphem be kept in the box with north end down. 
The dipping needles should be wiped with tissue pap^ both before 
and after observations and the pivots and agate edges cleaned 
with pith. In reversing i)olarity the bar magnets should be drawn 
ffluoothly from center to ends of needle, as neariy parallel to the 
axis of the needle as possible. The bar magneta slHmld be wiped 
after ui^ng to prevwit ruatfng and should not be allowed to touch 
except at ends of opposite polarity. 

561. Order of obMrvations. — ^When a complete instrumental outfit 
is suw)lied the observations at a station comprise morning and 
afternoon a^simuth, latitude at noon, one set of dip with each of 
two needles, two sets of declination, deflections, and ooctllations, 
and angles between prominent objects. It is desirable that the 
azimuth observations should be made at nearly ectnaX times not 
less than two hours before and after apparent noon. Latitude 
observations should begin about 10 minutes before maximum alti- 
tude of the sun (apparent noon) and continue until about 10 
minutes after. They need not be made when a reliable latitude 
is available. As the declination and horizontal intensity are 
usually changing more rapidly in the monrtng than in the after- 
noon, it is preferable to make the magnetometer observations in 
the afternoon. They should be made fn the fbllowing order: 
Declination, oscillations, deflectfons, deflettfons, oscillations, dec- 
lination. At stations fiar removed from a magnetic observatory, 
particularly where the ditlrnal variation is large, as in western 
Alaska, it is desirable to make additional declination observations 
at other times of the day, preferably at about the times of maxi- 
mum and minimum, as. a control on the correction of the results 
fbr diurnal variation. The mean of the maximum and minimum 
values of declination is usually a dose approximation of the mean 
value for the day. 

562. Thermometer. — The same thermometer must be used through- 
out a set of Int^sity observations and placed as near tiie long 
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magnet as possible. Before beginning obserratlons the tbermom- 
eter shonW be examined to see that the mercury colamn hi not 
broken and that none of the mercury is In the upper recess.. A 
broken column can usually be Joined by holding the thermomet^f 
In the hand and striking the wrist sharply against the knee or by 
attaching it securely to a string and swinging It rapidly in a circle. 

568. Blscrepaney limits. — Before leading the station tlie compu- 
tation should be carried far enough to show that there is nothing 
radically wrong with ttie observations. Thus, in good work, the 
two consecutire sets of azimuth should agree within one minute, 
and the morning and afternoon sets within two minutes. A 
greater difference is utsually due to lack of adjustment or level of 
the theodolite or to a mistake in pointing on a wrong limb of the 
sun. The effect of changes in level of theodolite should be elimi- 
nated by the method of observing descrthed* under •* Elevations by 
vertical angles " (p. 60). In case the difference between morning 
and afternoon azimuth amounts to more than five minutes, the 
observations should be rei)eated. The two sets of declination 
should not dilfer more than two or three minutes when allowance 
is made fbr diurnal variation. The average time of 70 oscillations, 
or whatever number Is used, should not differ more than a half 
second in the two sets, and in the deflections the two values of 
log sin u should not differ more than 0.00100 for either dlstanee, 
when allowance is made for the difference of temperature of tlie 
two sets. When the dip results for the two needles differ by more 
than five minutes €n excess of tlie normal difference^ the observa- 
tions should be repeated. Thus. If previous observations show 
that needle No. 1 ^ves on ^he average a dip liiree minutes greater 
than needle No. 2, the obserrationis should be repeated whai No. 
1 gives a result more than eight mlnutei^ greater or two minutes 
less than No. 2. 

564. The record i^ould be kept with a hard pencil (or1ft)unt»in 
pen) and entered at once oA the proper form (not recorded on 
blank paper and afterwards copied on the form). All computa- 
tions should be made to ink. The different sheets should be 
punched and fastened together In the covers provided (Form 367), 
arranged in the following order: (1) Description o* station, (2) 
angles connecting the azimuth ttark with other prominent objects 
and chronometer correction on standard time (inorm 441), <S) 
latitude (Form 267), (4) asimiith ^servatleas (Form 266), (5) 
azimuth computations (Form 269), (6) declination (Form 37>, 
(7) dip (Form 42), (8) oscinatloftfi (Form 41), (9) d^ectlons 
(Form 30). 
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565. Abftract.— Before the record is seat to the office the compu- 
tations should be completed and a copy made (qq Form 442) of 
the results and also such quantities as would he needed to replace 
the computations in case the record is lost. No duplicate of the 
records is to he made. All records must be turned in promptly^ 
especially at the end of the calendar year, in ord^ that the results 
may be in^cluded in the annual publication of results^ which covers 
the calendar year. 

566. Ohserratioas with eompau defdinanetei? or with the com- 
pass attachment of a dip circle are recorded on Form 38a. Stand- 
ardization observations should be made at the beginning and end 
of the season at some place where the declination is Isnown^from 
magnetometer observations. 

567. Total intensity. — ^The total intensity may be determined 
with a dip circle by Lloyd's method (Form 389) when suitable 
standardization observati(ms have been made at a station where 
the dip and intensity are known. As the determination of total 
intensity by this method is relative, it is necessary to guard* as far 
as possible, against any change in the magnetism of the two 
needles and to use the same weight in the field as during the stand- 
ardization observations. Their polarities mu^t never he reversed^ 
therefore, and they must not be allowed in close i^roximity to the 
bar mi^gnets when these are being used to reverse the polarity of 
U» regular dip needles. Standardization observations should be 
made at the beginning and end of the season's work to determine 
the intensity constant. 

566. Observations on hoard ship. — On sliipboard declination is 
determined witii the standard compass^ dip and intensity vrith a 
Lloyd-Creak dip circle mounted on a suitable ^mbal stand.. The 
successful determination of decUnatioUi dip* and intensity at sea 
requires, first, that observations should be made with the Lloyd- 
Creak dip circle at a base station on shore at the beginning and 
end of the cruise to determine the intensity constant for the par- 
ticular weight used at sea und the correction to the dip as de- 
rived from thedefleption observations; and, second, that the ship 
be swimg at tlie beginning and end of the cruise (and if possible in 
the bluest and lowest latitude reached) at a place near shore 
where the declination, dip, and Intensity are known from shore 
observations, in order to determine the deviations of the staachHrd 
compass and the deviations of dip and intensity at the dip-circle 
position. 

568. The accuracy of the results depends principally upon the 
successful determination and elimination of the effect of the siiip's 
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m^gnetisiD. For this reason observatioiis are usually made on 8 
or 24 (preferably 24) equidistant headings, steaming in a circle 
forward and ba\:k (with port and starboard helms), holding the 
£AJp long UDOugh on each heading to secure good results, and tak- 
ing usoally not over two hours for both swings. Since a complete 
determination of dip and total intensity on each of 24 headings of 
the ffurward and back swings would consume too much time, the 
practice has been adopted of observing deflections alone while 
swinging sliip in one direction and loaded dip alone while swing- 
ing in the <^E4»osite direction. Besides the total intensity derive 
from the odmftiSiifttion of these observations, a value of dip on each 
heading results from the. deflection observations, since the mm- 
pended needle is deflected by approximately equal amounts in 
opposite direoti<m8 from its normal portion. On each heading, 
obsn-vations wi^: dip ehcle are made in oaly one poidtion of circle 
and needle, a^ follows: 

0"* to Ta*", Circle East, Needle Face Bast; 00'' to 165% Circle 
West, Kcedle Pace West; 180" to 2S6'*, Circle West, Needle Face 
Bast: 2T0° to d45^. Circle East, Needle Face West. In this way 
the fitoervatiens with the dip ctrde «an be made in about the 
same time as required for the compas» observations, which are 
being carried on at the same tine. 

570« When instructed to make magnetic observations at sea the 
ship should be swung at least once a day if possible. When cir- 
cumstances would not permit a comi^ete swing, results have some- 
times been obtained from observatioDS . on and near the course; 
e. g., on course one or two points to starboard, one oi* two points 
to port, and back on course. This requires a knowledge of the 
deviations oa those particular headings, wMch may be derived 
from the complete swings preceding and following. (See Appen- 
dix 3, Beport for 1004, pp. 102 to 197, and Forms 354, 355, 356, 
compass, and 890, 391, 392, dip circle.) 

BESCBJPTIVS EEPOHTS. 

571. Descriptive reports must be submitted to cover all hydro- 
graphic and topographic surveys. It is preferable to have a sepa- 
rate report for each sheet, but in some cases It may be more con- 
venient to have a single report cover the consecutive sheets of a 
season's work in one locality where much of the information Is 
common to the different sheets.- 

(a) The descriptive report should not be in the form of a letter, 
it should not be a journal of the work, and it need not contain any- 
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thing aJbout the movementB of the pftrty; it should be eattociy 
distinct from the season's report aiMl siM>uld gire the ttaie of tiie 
instmctioas under which the work waa done. 

( d) It idiould be headed '* Descriptive report to aoeompaay wkatt 
(insert number and title of sheet or sheets)." Writing nnMt not 
be nearer than 1 inch to left ed^e of paper. 

(c> The descriptive report is for the purpose of smpsUKmeatiag 
original sheets, either Jiydrograpliic er topogra^ic, by Uifbma- 
tion not readily shewn thereon, and widc^ will be uaefid in tbe 
interpretatioB of the sheets^ in the compilation oC aalltog dtarec- 
tions^ and in chart construction. Preference shsnld, hewcver^ be 
given to showing infonaation oa original sheets theraselves when 
practicable to do sa 

(d) The descriptive report shonid be wvttten eoneiaely, omitting 
all unimportant detail, and should be arranged hi a aysfeeanitlc 
manner with each class of information in separate, paragraphs 
under suitable underseon^d headings. 

(€) B^arin^B given In oonneetion with sailing dtreetions and 
hydrographic informatien lOionld in general be expnessed as from 
seaward and in degrees^ and it must bO'Cleav^ stated wiietter iJie 
bearing are true or magnetic. 

672. Subject heads. — ^No general ndes can be laid .dow», but the 
following points wlU be suggestive in preparing d oocript ive imports 
so far aa applicable to any particular region and according to the 
Character of the surr^.made. The aaMmnt mi detaAl to be given 
requires much ludgaent; etverminate details tend to obscure the 
most useful facts. Obvinosly oertain cHtsses of infiminaten may 
be useful a» to a new country previensly unsurve^ed wliinii may 
not be necessary to give in connection with the sesarvey of a 
well'known coast 

(a) aeneral etesetipti&n of the coast, followHig the geogmi^lc 
sequence of the published Coast Pilots or SjaWng Directions, and 
including the aspect or appearance of the coast on making the 
land ; describing prominent objects, as, on a bold coast, the head- 
lands, peaks, etc., with their form, color, and height; or, on a 
flat coast, the spires, beacons, etc. Especially deswrlbe the first 
landfall and objects useful as guides to navigation. (See pars. 
194 to 196.) 

(&) Outlying dangers cmd islands, the limits of tide rips and 
breakers, and their relation to wind and tide. 

(c) Currents, tidal or not tidal. — General conclusions from 
observation or other inf6rmatlon. How long does flood run after 
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high water and ebb after low water? Does current set fair with 
channel? 

(dy Landmarks. — ^Description of all prominent landmarks likely 
to be nsefnl to narigaflon or to future surveying operations sliould 
be snlmiitted as directed in paragrai^ 194 and 212. If mountains, 
state whether summits are often clouded. Give measured or esti- 
mated heights of mountains, htlls, cftffis, islets, or rocks referred 
to. Describe ranges in use by pilots and means of identifying 
them. 

(e) Inshore dangers. — ^Extent and nature, least d^th over 
them; whether visible; if breaking, at what stage of tide; how 
much, if any, is bare at low water; marks or ranges for clearing 
them by day or night. 

if) Bars and ehatmels, — ^Least depth, best time or place for 
crossing or entering, permanency of bars and of channels ; breakers 
on bars and their extent and with wh«t winds or tides they occur. 

iff) Anchorages, with descriptions relative to their capacity, 
holding ground, amount of protection, and circumstances of 
weather under which tested. 

(h) Change of coast line or depths. — Mention any reliable evi- 
dence as to recession or growth of shore line or change of depths. 
If a resurvey, note any important ffects regarding changes ob- 
served. Give evidence, if any, of substdenee or emei^nce of 
shores. 

(i) Dangers reported or shown on previous charts or surveys; 
if not found, or If more water found, give In each case detailed 
statement of effort made to And former shoal water, and any- 
important evidence as to the reliability of the previous report. 

(/) Survep methods. — ^Explain any unusual features of survey 
methods used ; mention if any part of the work is incomplete or 
requires further examination, arid the reason; also if any portion 
is less reliable; state the system of control of the work; mention 
any discrepancies and adi^ustments made. 

(k) New place names. — Wlren an original sheet contains new 
place names, 1. e., place names whfch have not hitherto appeared 
on the charts, chiefs of parties will list them In the descriptive 
reports of the sheets aflPeeted under two heads: (1) Well-estab- 
lished local names; (2) names assigned by field officers. In 
other respects the instructions under the heading '*GeogxBphlc 
names** win be followed. Reports should be supplemented with 
photographs which will lUtistrEte the apparatus used or add to 
the knowledge of the locality. (See par. 6©2.) 
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PB0OBBS8 8XETCQSE8. 

573. A progress sketch faithfully r^reeenting the extent of 
the entire season's work should be prejiared and forwarded at 
the akd of each season. Each progress sketch must have a 
projection. 

In order that the office progress charts may be kept closely 
corrected, a progress sketch on tracing vellum showing the hydrog- 
raphy and topography accomplished, shall be forwarded to the 
office at the end of each month. The information thereon will be 
transferred to tlie progress chart and the sketch returned to the 
chief of party for each succeeding month's work. If not other- 
wise designated, the scale of the progress sketch will correspond 
to that of the published chart showing the entire area outlined 
for the season's work. 

(a) Progress sketches should be made on tracing veUum, using 
black ink only. They must not be of excessive dimensions, usu- 
ally not over 18 by 24 inches. Scales of TflArvT^ tvftWf ^^ tw^vu 
are recommended according to the extent and detail. The scale 
of the sketcli must be stated in the title. They should be drawn 

• sufficiently strong to be suitable for blue printing. 

(b) In the Philippines progress sketches of general coast work 
should, if practicable, be on a scale of tvAw (the scale of the 
Philippine coast charts) ; for harbor surveys a larger scale may 
be used if necessary to show the triangulation cletirly. The 
stamped title form is to be used on such sketches, giving the fol^ 
lowing Information: Class of work, island, locality, scale, dates, 
chief of party,%e8ael. 

(e) The progress sketch should give the aiw^roximate limits of 
the topography by. parallel ruled lines, not closely spaced, the 
aiH;>roximate limits of the hydrograptiy by widely spaced dots, and 
the -trimigulation as indicated below, including the various oper- 
ations of a single party for one season on one sketch. 

idy Principal triangulaUon schemes should be in heavy lines, 
and hape lines should be <»f double width.- A line observed at both 
ends should be full throughout. A line observed at. one end should 
be full at the observed end and broken at the other. Hecon- 
noissance lines should be dotted If shown on the sketch with 
triangulation. When the sketch contains reconnoissance only, the 
lines should be full if they are to be observed at both ends. A 
line fidiould b& broloen at the end from which it is not to be ob- 
served. Old stations recovered, including spi|*es, stacks, etc, 
should appear thus : @ New stations should appear thus : A 
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(6) All important points determined, including mountain peaks, 
should be sbown as far as practicable. Lines to intersection sta- 
tions should be dfawn lighter than those of the main scheme. 
A confusion of lines may often be avoided by indicating with short 
lines ramatlng from intersection points, the stations from which 
they were observed. All lines, letters, figures, etc., shown on the 
sketch should be sufficiently bold to make a good blue print. 

OEOOKAPHIC NAMES. 

574. Distinct names of points, islands, shoals, rocks, towns, 
mountains, etc., are necessary to the intelligent use of charts and 
sailing directions, and the surveyor should ascertain the accepted 
or native names, and use such names in all possible cases. Atten- 
tion should be called to all new names of gei^raphic features ; that 
Is, names not previously used in the publications of the Survey, 
with a statement whether the name is in local use, and if not, what 
name Is in use, with the reasoim which prevented its adoption. 

(a) The origin of each new name should be stated. Geographic 
features must not be given the names of living p««Kms as the rules 
of the United States Geographic Board only penidt the retention 
of such names in rare cases. 

(&) All new names are submitted to the Geographic Board by 
the office before publication and the decisions pnCL rules of the 
board in regard to names are to be followed in aU cases. In the 
Philippines the decisions of the Philippines Committee on Geo- 
grapliie Names govern in the same mamier. 

(c) Names already in use on charts and maps and in the Ck>ast 
Pilots should be verified ; if well established and appropriate they 
should be adhered to, even though found to dij£er from the native 
or original name, especially if the feature is of more importance 
to navigation than it is to the Inhabitants, and if the native name 
is an awkward or difficult one. 

id) Dual names for the same object lead to confusion and 
inconvenience, and special care i^onld be taken to avoid giving 
a new name to an object already named, or changing a name 
already established. Where two names are in use it should be 
ascertained which is the more appropriate and the more ac- 
ceptable to the people of the locality, and report should be made 
giving the authorities. 

(e) For such objects as require them, and for which ac- 
knowledged names can not be found, names should be recom- 
mended, selecting as far as practicable designations that convey 



Digitized by VjOOQIC 



206 GENERAL INSTRUCTIONS FOR FIELD WORK. 

some idea of the form, character, productions, or traditions of the 
place, or some characteristic of its inhabitants ; convefi^oaee of 
length of word and pronounciation should aiso be considered. 
Report should be made of names so reeommmuled. 

if) In new applications of the t^sas ** shoal,*' **ba&k," and 
" reef " to forms of secondary siae and limited extent, but clearly 
separated from the surrounding iKittom by a stei^[i«r slope, the 
following distinctions should be made, but these terms already 
in use should not be changed : 

Shoal should be applied only to areas on which there is a depth 
of 6 fathoms or leas. 

Bottk should be employed for areas of greater d^h. 

A reef is always rocky, and the term should not be used where 
there Is more than 6 fathoms at low water. 

(g) Where the native names ascertained have not an estab- 
lished written form, they idioiild be spelled acoording to the system 
of the Geographic Board, as follows : 

(ft) The true sound of the word as locally pronounced is taken 
as the basis of the inning. 

(i) An aMM0» i matiOH only to the sound is aimed at An 
attempt to represent delicate inflections of sound and accent would 
often result in forms of words too comfrticated for use. 

(i) The vowels are to be pfoneanced as in Italian and on the 
continent of Bnrope generally, and Ihe consonants as in English. 

a has the sound of a in father. Examples : J^ava, Banana, 
Somaa, Bari. 

e has the sound of e in men* B^xamples : Tel el KeMr, Medina, 
P«ra, 

i has the sound of i in ravine^ or the sound of ee in heet Ex- 
amples: Fiji, Hindi 

o has the sound of o in mote. 

u has the sound of ao in boot Examples : : Umnak, Ung. 

ai has the sound of i in ice. Example : Shanghai. 

au has the sound of ou> in how. Example t FQ<^au. 

aa is slightly different from above. Example: Nanao. 

ei has the sound of the two Italian vowels, but is frequently 
slurred over, when it is scaro^y distlngtiishable from from ey in 
the English they. Examples : Beirut, Bethil. 

o is always soft and has nearly the sound ei s; hard c is given 
by k. Example : Celebes. 

ch is always soft, as in churdi. Example : Ghingchin. 

f as in Englii^ ; ph should not be used for this sound. Thus, 
not Haiphong, but Haifong. 
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> !• always liard (soft g is given by i) . Bxample : GHl^H^MUgos. 

h is always pronounoed when iiks^tedL 

/ as in BBgiish ; dj shouk) aever be used for this sound. Ex- 
amples : Japan, Jincfamfsn. 

A; as in Ea^ish. It should always be used for tlie hard c. 
Thus, not Oorea, but Ko^ea. 

Jch has the sound of the orienrtal guttural. Example : Khan. 

ffh is another guttural, as in the Turkish : Dagh, Qhaisi. 

ng has two slightly different sounds^ as in finger, singer. 

q should never be employed; qu is ^vmi by kw. Exan^le: 
Kwsngtung. 

b, df Z, m, ft, p, r, 8, t, v, io, a^ and s as In Sbglii^ 

y is always a consonant, as in yard and ^ould not be used for 
the Towel i. Thus, not Miktndany, but Mikindanl. 

All vowels are i^ortened in sound by doubling the following 
consonant Examples: Tarra, Tanna, Jidda, Bonni. 

Doubling a vowel is only necessai-y where there is a distinct 
repetition of the single sound. £Sxamp)e : Nnuiua. 

Accents should not, generally, be used; but where there is a 
very decided emphatic syllable or stress wfaioh affects the sound 
of tiie word it should be narked by an acute accent. Examples : 
Tongatflhti, Oalftpagos, Pal&tran, Sar&wak. 

(A;) In the Philippine Islaiids, in translftting from Spanish into 
English nouns which are combined with geographic nam«a, the 
folleiwfng system should be followed, eaoc^t 4n specific iastances 
where a different usage has already been estabiirtied : 

Bilker, isiUxnd, hay, poM, and pulf ave to foUiow the proper name. 

Mowit, port, and cape are to precede the proper name. 

Rio CHrande is to be translated simply ri»er, wless these ^vords 
form the specific name of a sti^am. 

ABDrrieNAi nMnmircTioxB. 

i7S. iO«n9letloa of field resulttd — It should be the aim of a chief 
of party to turn in field records, coiBiHatatiQtns, and sheets in a 
ctmapMed condltioflQi, as £ar as circumstances may permit. All 
records and results must be transmitted as early as practicable, 
and in any event be£e«^ the couKnencement of another season's 
work. 

976. Keeords in geaeral. — ^AU records should be kept in a sys- 
tematic manner on the standard forms as far as provided. They 
' must be sufficiently distinct and clear to avoid all chance of mis- 
understanding, particularly numbers must be written plainly. Ex- 
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planatlon must be given wherever necessary so tbat the record 
may be intelligible to one not familiar with the fiirid work. 

577. Original records should not be nmde on loose sheets of 
paper to be copied afterwards into the regular form of record book, 
but should in all cases be made at once in the book which is to be 
transmitted to the office, and must be consecutive and continuous 
in the order of time in which the observations are mada 

578. Erasures should not be made in original records. Where 
an error is discovered, draw a line through it and write the cor- 
rected figures above or to one side. 

579. Original records in pencil must not be inked. Pencils softer 
than No. 8 should not be used in making records. It is prefer- 
able, but not essential, to make original records in ink. 

580. The duplication of records is usually to be avoided, except 
in cases where called for in the general or specific instructions. 
The requirements are specified under eadti head. The function of 
duplication is the insurance against loss in transmission, and this 
should be k^t in view in deciding special casea 

581. Records or computations B&nt by mail are to be well 
wrapped and registered. When there is duplicate information (in 
whatever form) it should not be forwarded by the same mail as 
the original, and in general should not be k^t in the possession 
of the observer any longer than necessary after the completion of 
the work. 

582. Compntations in general. — Computations should be k^t up 
during the field work as far as practicable, and at leaMt far enough 
to show that the ob8^*vations are sufiicient and the record com- 
plete. 

58S. Oomputationsr should be transmitted to the office prc»nptly, 
as soon as reasonably complete. In no case should comijutations 
be held with the idea of making them perfect in the field, as the 
final revision of the compntations is the function of the office. 

584. All computations must be in a neat and orderly form, and 
complete, so as to be readily intelligible to others. Every impor- 
tant operation must be shown. 

585. Standard forms for computations should he followed wher- 
ever practicable. 

586. Every computation must show by whom made and by whonj 
checked. 

587. Proper titles should be written or pasted on ea<* cahier of 
computations, giving all essential information, as kind of work, 
locality, date, observer's name, computer's name, etc. Printed 
labels are available to cover ordinary requirements. 
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• 588. No writing should be' placed within 1 inch of the binding 
niiargin of the sheets. 

589. Informiitioii affeoting naTlgation, reports of dangers, and 
changes in aids to navigation. — (See pars. 374-402.) 

590. Suggestions and recommendations of a definite character are 
Invited as to survey methods or instruments, need of surveys or 
Charts in any particular locality, economies in work, improvement 
or correction of charts or other publications, and concerning aids 
to navigation. 

591. Maps, charts, and sketches (or copies of them) containing 
Information as to geography, topography, or hydrography likely 
to be of value to the Survey should be obtained when practicable 
and forwarded to the office. 

592. Photographs. — Photographs illustrative of the geographic 
features of new regions visited are desirable — ^more especially 
views from seaward of important features of the coast, harbor en- 
trances, and prominent landmarks. Views illus»trative of survey- 
ing Operations, or of the people of the region, may also be of value 
when unusual. The following information should accompany 
every photograph: Subject, locality, position from which takeii 
(an exact location for views of important coast features is desir- 
able), date, and by whom taken. »i 

593. All negatives worth preservation taken with supplies and 
outfits furnished by the Survey are to be transmitted to the office. 

594. In the Tropics, owing to climatic conditions, plates and 
films should be especially cared for, used as fresh as practicable, 
and developed soon after exposure. If necessary, they should be 
forwarded for development. 

595. Special effort should be made to protect i)late8 and films 
from being fogged or light struck., Orthochromatic plates are rec- 
ommended. 

596. Care of instruments. — Proper care of instruments is impor- 
tant in all classes of surveying work. The officer using the instru* 
rnent should personally see that it is kept in good order and not 
leave this to anyone else. Instruments in good condition and ad- 
justment are essential to good work. . 

597. The arc of a sextant may be cleaned by wiping lightly with 
ciiamois skin or a soft rag dipped in weak ammonia. Never polish 
the arc with paper or cloth, as this is liable to deface the gradu- 
ation. 

598. Sounding wire, even when galvanized, is subject to rust if 
not well cared for. The reel should be wrapped around with oiled 

18027"— 21 14 
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doths and well coverecl from rain. When the sounding machine is 
idle for a short period the wire should be dried by running through 
cloths, and oiled, and this should be repeated once a month when 
the machine is not in use. 

599. All surveying instruments should be cleaned from time to 
time. Surfaces that are liable to stick together when left in f^ace 
for a long time should be moistened slightly with oil or tallow 
after cleansing and before assembling; this applies to the cells 
holding object glasses. 

600. Particular care should be taken of invar and steel tapes, 
steel parts of drawing instruments, etc., as all steel instruments 
are subject to rapid deterioration, particularly on board ship or 
in a tropical climate. Invar and steel tapes should be cleaned and 
oiled after use, and the chief of party should make mire that they 
are carefully handled at all times ; special care is required in reel- 
ing tapes. 

601. A lens may be dusted with a camePs-hair brush, and when 
necessary may be cleaned by rubbihg gently with soft tissue paper, 
first moistaiing the glass slightly by breathing on it A leos 
should be examined occasionally to see that it is tight in its cdU 
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Signals: 

Character of ;.. 218-217 

List of locations .212 

Location of 202-210 

Names 211 

Offshore 237 

Soundings: 

Anchorages 230 

Bars 235,242 

Chamiels 230,235,242 

Compasslmes 232 

Danger indications, ' develop- 
ment of. 227,228 

Deflection scale, use of 281, 283 

Depthcurves 229 

Harbors :. 238 

Interval- 
Distance .....r 224 

Time 226 

Lead and line, use of. .... . 278, 354, 360 

Lines 221,223 

Machines, use of 285 

Oflshore 237 

Parallellhies 233 

Plane of reference for 313-315 

Plottfaig 317-319 

Pressure tubes, use of.. 284 

Rangelhies 231 

Records 286-309 

Bearings, how recorded 294 

Character of bottom 300, 301 

Corrections 304 

. Correctness and clearness ... 306 

Courses, how recorded 294 

Directions, how recc;\ied. . . 294 



Soundings— Continuadi '•> *. •: 

Records— Continned. Paragmph. 

Duplication of.- 297 

Identifioation. 287,307,309 

Index of signals 296 

information notes. ......... •: 388 

Information required 293 

Instruments, verification of.. 289 

Location of tide goage 295 

ICarinegrowth 300 

MytfutHftniwiiiy inf ocmatioa . . 292 

Separate for ea<di sheet 286 

Soundings, how recorded ... 298 
Time of soundings and posir 

tions 303 

Time to be used....... 291 

Reducers or tie corrections..-. 311-312 

Reductionof. 310 

Reefa 236,236 

Locating. 240 

Sailing lines 230 

Shoals- 
Development 235,239 

Exposed 234 

With vessel under way 279,280 

Hydrographic sheets 317-353 

All notes to be used.... 323 

Boat sheet to be sent to office. . . 347 

Celluloid, use of. 346 

Comparison with previous work . 322 

Dangers to be indicated 332 

Depthcurves 321 

Depth units 336-338 

Distances and scales ,.. 348 

Drafting, character of 324 

Errors and omissions in records.. 340 

Errors to bo avoided 353 

Features to be distinct.. 330 

Locating lines 352 

Numbers of, to be limited 344 

Orientation 341 

Overlapof 333 

Paper for boat sheets 345 

Plotting 317-319 

Necessary details 319 

Positions to be marked 325r-328 

Protractor, use of 349,350 

Reefe, definition of 339 

Scale 201,332 

Size 342,343 

Soundings, oolcction of. 331 
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Hydrogiaphic sheets— Contd. Pamgn^h. 

Spacing souodioci 351 

TaMeofstetisties .320 

TideripstobeiadiOBted 336 

IncUiiatiaioorTeotlOQ tables 65 

Indefinite objects 72 

DescriptiODOf 73 

Obserfatioos on 72 

Initial positions 1 

Installation of automatlo tide gauge. 440 

Adjustment of pencil ana 449 

Attaching ooimterpolse wel^t. . 446 

Attadungfloet 447 

Attaoliiagtensiaaweigbt 450 

Float box 441 

Setting up gauge 445 

Startinggange 451 

Tidehouse 444 

Instrament for seoondaiy trlangola- 

tion, selection of 18 

Instruments, care of 606-601 

Instruments for tertiary triaagnla- 

tion, selection of 60 

Interpolation of tide records 488 

Intersectionstations 21,66,74 

Invar tapes, care of 600 

Invar tapes, use of 47-68 

Lamps,slgnal 52 

Land survey marks to be located ... 97, 92 

Latitude determination. 2 

Leadlines 364-367 

Comparison of , to be recorded ... 357 

Corrections 358,359 

Marks to be used 360,361 

Material to be used 354 

Verification of length 355, 356 

Length of lines: 

Secondary triangulation 12 

Tertiary trlangulation 43 

Lig^tkeeper's instruction 58 

Location of tide gauge 404 

Longitude determination 2 

Magnetic observations 551-570 

Abstract of results 566 

Atsea 568-570 

Care of instruments 560 

Compass declinometer 566 

Equipment 552 

Instructions 551 

Meridianlines 568 

Observation- 
Allowable discrepancy 563 

Required 561 



M&gnetie obaervatlMis-Om. Paragrapb. 
Observations by survey iMTties.. 553 

Records required 664 

Stati(ms— 

Descriptionof 655 

Selecticmof 654 

Total intensity 667 

Manometer 420 

Maps to be obtained 591 

Marking stations 76-^ 

Navigation, Information affeotins... 370 

Objects, large, observations on 71 

Olbhore hydrography, positions for. 270 
Old stations, supplementary desortp- 

tions 85 

Operation of automatic tide gauge . . 453 

Adjustment, changes in 465 

Cleaning pencUscrew 406 

Clocks, comparison oL 459 

Duties of tide observer. 463 

Label for tide roll 457 

Lostrecord 464 

Operating troubles 467 

Pencils 463 

Placing paper on gauge 454 

Reading tide staff 458 

Removing paper from gauge 465 

Time comparison 459 

Tension weigjht 462 

WindlngtideroU 456 

Photographs to be made 602-50S 

Plane of reference, hydrography . . 313-316 

Planes of reference 612 

Plotting hydrographic sheets 317-3S3 

Position angles. (Am Hydrography.) 

Position computation los 

Precise leve*hig 141 

Pressuregsuge 41» 

Pressure tubes, use of. 284 

Primary trlangulation: 

Accuracy of 4, 7 

General instructions for 4 

Reconnoissance f or 4 

Progress sketches 573 

Recommendations 590 

Rec o nnoissance instructions 4, 142, 143 

Records: 

DupUcation of 87, 109, 297, 580, 581 

Of hydrographic work 285-312 

Preparation for filing 676-588 

Transmission of 681,687 

Trlangulation 62, 65, 68, 10»-lli 

Recovered stations, marking 83 
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Paragraph. 

Reduction of tide records 492 

Aamial ineqnalfty In mean sea 

level 608 

Gompatison of stmultaneoiis ob- 

servatloiM 509 

ConeotiaD for diurnal inequali- 
ties M5 

Coneetion for intervals 494 

Goneetion for longltade of 

moon'snode 602 

Oonection for mean range 603 

Goneetion for mean sea level 508 

DIumal inequalities 501 

Hi^water 600 

Hlg^ high water 501 

Lowwater 500 

ZiOwer low water. 501 

Lunttidal intervals 403 

Bange^mean 500 

Tide level, mean. 600 

BedootJon to center. 105 

Reefs, development of 236,296,240 

RefBronoe marks. 80,81 

Remarkiiig'stations: 

BeooTered stations. 83 

United States Engineer stations. 84 
Repeating instrmnent: 

Reoord of observations. ()5,68 

Use of, secondary- triangulatlon . 20 
Reports required, aids to naviga- 

tfcm. 75 

Resnite of secondary triangnlation, 

aecnraey reqniied. 17 

Results of terdary triangntetioP, wv 

curacy required 69 

Sailing lines, development ofL 230 

Secondary triangnlation: 

Accuracy in generaL 7 

Angles, accuracy required 17 

Base raeafttBement 15,16,47-55 

Basenets 14,46 

Basesites 14,45 

Gharaoter of figures 10 

Frequency of bases 13 

Instructions for.... 10-21, 66^68, O^-IU 

Lengthoflines 12 

Record of observations. 62 

Results of, accuracy required. . . 17 

Selection ofinstruments 18 

Strength of figures 11,25-42 

8eeing,i)oor 99 

Sextant glasses 36^-365 



Paragraph. 

Sextants, care of. 60 

Sheets: 

Hydrographlo (see Bydrogrsphic 

sheets). 
Topogmpbic , (see TopogvHihic 
survey). 

Shoals, development of 236,280,241 

Signals: 

Cauncterof 213^217 

Tertiary triangnlation 56 

Sketches to be obtained. 691 

Sounding (see Hydrography). 

Socmding en route to field 368 

Sounding machines, use (tf. ^ 285 

Sounding poles, use of 362 

Sounding wire, care of 608 

Spherical eaness 106,107 

Stair, tide. 406 

Olasstube 409 

Multiple 412 

Portable 410,411 

Standard marks, triangnlation 8t»> 

tions. 89-91 

Standard notes, description of sta- 
tions. 88-96 

Stationmarks 77,78 

Statistics, hydrography 820 

Steel tapes: 

Gtaieol 600 

Useof *7-«6 

Strength of figures: 

Secondary triangnlation ll,2&-42 

Tertiary triangnlation 2&-42 

Suggestions. 690 

Survey marks to be located 97,98 

IMiulation of tide record 468 

Gomparatlve readings. 471 

Divldlngscale 470 

High and low waters 478 

Hourly readings 483 

Maridng hours on tide roD 460 

Timescale 470 

Tapes: 

Gazeot 600 

Invar, used ^-55 

Steel, useot 47-« 

Temporary objects, observations on. 72 
Tertiary triangulatlon: 

Accuracy in generaL 7 

Angles, accuracy required 60 

Base measurement 46-66 

Basenets 46 
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ParagT&ph. 
Tertiary triangulation—CQatliuied. . 

Basesites. 46 

caiaracter of figures 23 

Frequency of bases 44 

InstnictioDs for v 6,23-111 

Length of lines. 43 

RttialtSy accuracy required...... 59 

Selection of instruments 60 

Strength of figures 25-42 

Three-point problem..... 108 

TUe gauge (««« Gauges, tide). 

Tide station, inspection 521^^7 

Tide station, report 452 

Topographic sinprey: 

Approximate locations. 171 

; Contour interval. - 161 

Control , 146 

: Descriptive report 168 

. Elevations: 

Beyond limit of sheet 153 

How obtained 155 

How shown. 162 

Plane of reference for 154 

Features to be included. 158-166 

.Inkhig of sheets 183-191 

- List of plane-table positions... 194-196 
Magnetic meridiax^ required^... 148 
Marking old triangulatiom sta* 

. tions. , ..76-06 

, Photographs and tracings of 

sheets .,..., 192,193 

Plane table, use of 145 

Plans and local maps....... 174 

^. Revision....... ...,., 172,173 

Rivers, mapping of . 167 

Scale J 160 

Sextant, use of. 167 

Sheets: 

Dimensions i57 

How laid out 156 

Inking 183-191 

List of positions.... 194 

Objects to be located 194-196 

Photographs ot 192,193 

'. Stadia errors. 160 

\ Stadiarods ,. no 



Paragraph. 
Topographic survey-^yontJiiaed. ■ 

Symbols and lettering; 175-182 

Theodolite, use of. 167 

Traverse lines, allowable closing 

error. , * 147 

Traverse 14D 

Triangulation: 

Accuracy of...... , .4«5>6»7 

Boundary marks to be located.. 07^98 

Classification , 3 

Computation lOMOi 

Corrections to directions 19 

Descriptions of stations 84-96 

Direction instrument, use of . . . . 19, 61 

Duplication of records 87, 100,580 

Eccentric signals. , 60, 70 

Eccentric stations 60,70 

. Horizontal angles, example pf . 

record &6,e» 

Horizontal directions, example ^ 

of record. - ^. 

Indefinite objects, . observations .: 

on :72 

Land survey marks to be lo- 
cated ,..07,98 

Large objects, observations oiu . 71 

Llghtkeepers . 58: 

Marking stations 76-06 

Primary j... 4 

Records , 62,65,68,100b.lU 

Reduction to center ^05 

ReHarenoe mark& i... 80^. 

Repeating instrument, use of . . . 20«63 

Secondary ^. ,. fij 

Seeing,poor.. ,... » 

Signal lamps , 57: 

Signals ....*,.. S^. 

Spherical excess... io6 

Station marks.. , 77,78 

Survey marks to be located 97,96 

Tertiary ^^.., .6,26 

United States Engineer stations , 

marking ....••.•••••••.. 84 

Witness marks ., 82 

Wire drag. (S« Hydrography.) 
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